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Foreword 
Increasing water stress will intensify competition between water uses. A lack or an 
excess of water may undermine the functioning of the energy and food production 
sectors with societal and economic effects. Energy and water are inextricably linked: we 
need “water for energy” for cooling, storage, biofuels, hydropower, fracking etc., and we 
need “energy for water” to pump, treat and desalinate. Without energy and water, we 
cannot satisfy basic human needs, produce food for a rapidly growing population and 
achieve economic growth. Producing more crops per drop to meet present and future 
food demands means developing new water governance approaches. 
The Water Energy Food and Ecosystem Nexus (WEFE Nexus) flagship project addresses 
in an integrated way the interdependencies and interactions between water, energy, 
agriculture, as well as household demand. These interactions have been so far largely 
underappreciated. The WEFE-Nexus can be depicted as a way to overcome stakeholders’ 
view of resources as individual assets by developing an understanding of the broader 
system. It is the realization that acting from the perspective of individual sectors cannot 
help tackle future societal challenges 
The overall objective of the Water-Energy-Food-Ecosystems Nexus flagship project 
(WEFE-Nexus) is to help in a systemic way the design and implementation of European 
policies with water dependency. By combining expertise and data from across the JRC it 
will inform cross-sectoral policy making on how to improve the resilience of water-using 
sectors such as energy, agriculture and ecosystems 
WEFE-NEXUS Objectives 
 Analyse the most significant interdependencies by testing strategies, policy 
options and technological solutions under different socio-economic scenarios for 
Europe and beyond. 
 Evaluate the impacts of changing availability of water due to climate change, land 
use, urbanization, demography in Europe and geographical areas of strategic 
interest for the EU. 
 Deliver country and regional scale reports, outlooks on anomalies in water 
availability, a toolbox for scenario-based decision making, and science-policy 
briefs connecting the project’s recommendations to the policy process. 
How is the analysis done? 
JRC experts use a broad range of models and sources to ensure a robust analysis. This 
includes water resources and climate models to understand current and future availability 
of water resources, and energy models and scenario employed to understand and 
forecast current and future energy demands and the related water footprint of the energy 
sector. 
The results from this models are expected to provide i) understanding the impacts of 
water resources on the operation of the energy system, and vice versa, ii) spatial 
analysis and projection of water and energy requirements of agricultural and urban areas 
in different regions, iii) producing insights for a better management of water and energy 
resources. 
What is this report about? 
The aim of this technical report is to provide a projection of future fresh water demands 
from the EU energy sector (both primary energy supply and transformation). The 
projection is estimated by the combination of water withdrawal and consumption factors 
for different energy technologies with the latest EC Energy Reference Scenario published 
in 2016. The national projections are disaggregated at NUTS2 level. 
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Abstract 
Although most of the Earth is covered with water, the share of fresh water is only around 
2%. Currently different sectors of the economy compete for the use of fresh water 
resources, and by 2030 increasing demands may lead to 40% global water supply 
shortage (European Commission, 2012). Total water withdrawal in the EU in 2000 was 
above 260 billion m3 (World Energy Council, 2010) and around one third of this water 
was withdrawn for energy purposes. During the last years shortages in the available 
water resources are affecting the operation of the energy system across Europe (e.g. 
reducing the output of power plants). 
This study is a first attempt to quantify in detail, by sector and by location, the amount of 
water currently used by the EU energy system, as well as the expected energy-related 
water demands up to 2050. These estimations are intended to be used in energy 
modelling analyses supporting the design of energy and environmental policies. 
The conclusions of this research show that the water withdrawn by the EU energy sector 
in 2015 amounted to 74 billion m3. The withdrawals are expected to decrease to 46 
billion m3 by 2050 as a result of the increasing penetration of renewable energy sources 
and the decrease of coal and nuclear power generation. In 2015 more than two thirds of 
the water withdrawn in the EU was used for energy transformations, mostly in power 
plants, while the remainder was used for energy production. This ratio is expected to 
change to 80% and 20% respectively by 2050. The use of water by renewable energy 
sources is very small or even negligible. 
Around 5% of the water withdrawals are actually consumed. In 2015 the EU energy 
sector consumed 3.8 billion m3, and by 2050 consumption is expected to decrease up to 
2.7 billion m3. 
The most critical regions in Europe as regards energy-related water use are those with 
nuclear power plants or those containing both coal mines and coal power plants. 
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1 Introduction 
Water is required for every stage of the energy cycle, from the extraction and processing 
of fossil fuels to the generation of electricity. At the same time energy is needed for 
many processes within the water system, from distribution to treatment and desalination. 
Therefore, considering water and energy in an integrated way is essential for addressing 
the many challenges derived from the water-energy nexus. 
The energy sector is currently responsible for 10% of global water withdrawals and 3% of 
global water consumption, while the total energy consumption of the water sector is 
approximately 1% of the world's total1, according to the IEA (Walton, 2018). Increasing 
water and energy needs, or changes in water availability due to climate change could 
have significant effects on the energy system. For instance, the IEA expects the amount 
of water consumed by the global energy sector to rise by almost 60% to 2040, while the 
energy used in the water sector would more than double in the same period (Walton, 
2018). 
These problems are expected to be very acute in developing countries, but also in Europe 
where water-related problems have recently produced several generation adequacy 
problems in the power systems of some EU member states. During these episodes, high 
river water temperatures or low river flows due to heat waves, which usually take place 
at periods of high power demand, have limited the operation of thermal power plants due 
to lack of cooling. For instance: 
 Curtailment of nuclear power output in France in 2003 due to heat waves 
(Röhrkasten, Schäuble, & Helgenberger, 2016), 
 Reduced nuclear power generation in some member states (France, Germany, and 
Spain) due to high river water temperatures in 2006 (IEA, 2012), 
 Reduced generation from coal power plants and restrictions on industrial demand 
in Poland during 2015 and 2016 (S&P Global Platts, July 2016). 
 More recently, during the summer of 2018, the heatwave has forced the closure 
of nuclear power plants across Europe, such as: 
o The reactor 1 of Fessenheim nuclear power plant in France (shut down 
because the river used for cooling water had reached a critical 
temperature) and four French nuclear reactors in three power plants near 
the Rhine and the Rhone Rivers (temporarily shut down to avoid 
overheating the rivers) (DNA, 2018); 
o Nuclear power plants in Finland, Germany, and Switzerland (NEI, 2018), 
(Hersher, 2018); 
o The Swedish nuclear power plant Ringhals-2 (shut down as sea waters 
were too hot to cool the reactor (Carlström, 2018). 
Thermal power plants were not the only ones affected by the 2018 heatwave. In Norway, 
the government has imposed water restrictions and the cost of electricity is expected to 
rise due to a high dependency on hydro-electric generation (Borton, 2018), and low 
water levels in the Rhine also hampered barge traffic affecting the operation of inland 
refineries (IEA, 2018). The EU has ambitious decarbonisation goals for the future, which 
could be very difficult to achieve if the European water system becomes too stressed, 
since decarbonisation relies on water-demanding energy technologies such as biofuels, 
carbon capture, or nuclear power. 
On the other hand, the energy industry is one of many different sectors with a significant 
impact on the use of fresh water resources in the EU. Information related to the total 
gross abstraction of fresh water is collected by Eurostat, and available in their data 
                                           
1 That is approximately equal to the current final energy consumption of Australia. 
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statistics2. Water abstraction information is collected by Member States employing the 
Joint Questionnaire on Inland Waters, which is designed to facilitate the identification of 
the principal sources of water abstraction, to establish the proportion of the available 
fresh water, and to quantify the distribution of water used by the different sectors. 
The Eurostat water statistics database contains partial information on the impact of the 
energy sector on water resources; however, those data do present significant limitations 
due to data gaps in the time series and the classification of the energy sector, as 
explained in the following: 
 Data gaps. The Eurostat water statistics present significant data gaps, especially 
in relation to water employed for electricity generation. Figure 1 presents an 
overview of the data available for total water abstraction, water used for 
electricity production (EU total, France and Germany national figures) and public 
water supply for the period 2000 to 2015. As it can be seen, the figure related to 
water used for electricity production oscillates between 70-80 billion m3/year 
(circa 30-35% of total water abstraction) when data from France and Germany is 
provided, to values below 20 billion m3/year (circa 18% of total water abstraction) 
from 2013 onwards where no statistics are available neither for France nor 
Germany. Regional water statistics are affected by similar limitations. 
 Classification. The Eurostat Joint Questionnaire on Water Statistics includes 
among the difference sources of water abstraction water employed for "electricity 
generation – cooling". Whilst cooling of power plants is expected to account for 
the majority of water used by the energy sector, this figure however provides an 
incomplete estimation of the energy sector water footprint as processes such as 
fuel extraction and oil refining are not specifically accounted for. 
Figure 1. Water statistics available from Eurostat 
 
As a result, employing the data available from Eurostat would lead to a significant 
underestimation of the impact of the EU energy system on freshwater resources, both in 
                                           
2 https://ec.europa.eu/eurostat/web/environment/water/database 
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terms of EU energy system water use, and in terms of assessing the potential conflict of 
water resources with other sectors. 
All the reasons explained above justify the need of the assessment presented in this 
study, which bridges the gaps and limitations of the data available in Eurostat, in order to 
offer policy makers a detailed and comprehensive assessment of the water use from the 
EU energy system between 2015 and 2050, at national and regional levels. 
The results presented in this document offer a first estimation of the projected water 
used by the European energy sector, intended to be used in energy modelling analyses 
supporting the design of energy and environmental policies. It is expected that the 
estimations produced by this analysis will allow policy makers to better understand the 
criticality of the water use by the energy sector, and to pinpoint areas for further 
assessment in regions with high water use. 
The energy sector is a rather complex conglomerate of industries and businesses which 
are interconnected with virtually all other sectors of the economy. In this study the 
energy sector is defined as all the activities related to: 
1) Energy production, which includes the mining and quarrying of solid energy 
carriers (coal, lignite, peat, uranium and thorium) and the extraction of oil and gas. 
2) Energy transformation, which includes the refining of crude oil and the production 
of electricity in all kind of power plants except hydropower plants. 
The amount of water used in the energy sector (as defined above) varies widely 
according to the process and stage in the energy cycle, with power generation being the 
most water-intensive activity. Figure 2 presents an overview of how the water is used 
throughout the energy sector. The term "water" in the scope this report refers only to 
fresh water. Seawater and brackish water were not taken into account. Water withdrawal 
(Kenny, Barber, Hutson, Linsey, Lovelace, & Maupin, 2009), (Macknick J. , Newmark, 
Heath, & Hallet, 2012) or gross water abstraction (Vanham, et al., 2018) is the amount 
of water removed from the ground or diverted from a water source for use in any energy 
process. Water consumption (Kenny, Barber, Hutson, Linsey, Lovelace, & Maupin, 2009), 
(Macknick J. , Newmark, Heath, & Hallet, 2012) or net water abstraction (Vanham, et al., 
2018) is the amount of water withdrawn that is not returned to the source; defined as 
the amount of water that is evaporated, transpired, incorporated into product or crops, or 
otherwise removed from the immediate water environment. By definition water 
withdrawals are always equal to or greater than consumption. 
In this study, the projected water use is derived from the combination of the latest 
Energy Reference Scenario published by the European Commission3, with water 
withdrawal and consumption factors for different energy technologies, collected through 
an extensive literature review (Annex II). The EU Energy Reference Scenario covers the 
period 2000-2050 in 5-year steps at country level. The energy projections have been 
disaggregated from country level to NUTS-2 regional level depending on the availability 
of additional unit level data and on the definition of the data (this process is described in 
Annex I). 
                                           
3 https://ec.europa.eu/energy/en/news/reference-scenario-energy 
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Figure 2. Flow chart of water use in the energy sector 
 
Developed by JRC based on ISF (Institute for Sustainable Futures, 2008). Light blue arrows represents water 
flow, dark blue arrows the fuel chain 
The report is organised as follows: 
 Chapter 2 describes the projected overall water withdrawal and consumption in EU 
energy sector up to 2050, 
 Chapter 3 describes the projected water withdrawal and consumption in EU for 
primary energy production, 
 Chapter 4 describes the projected water withdrawal and consumption in EU for 
energy transformation, 
 Chapter 5 summarises the main findings of this study, and 
 The methodological approach, data validation, the review of the water withdrawal 
and consumption factors, as well as the country and regional overviews are provided 
in the annexes at the end of the report. 
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2 Overall use of water in the EU energy sector 
2.1 Overall water withdrawal 
The estimated total water withdrawal by the energy sector in the EU in 2015 was 74 
billion m3. This amount is expected to decline to 46 billion m3 by 2050 (Figure 3). 
Eurostat reports water withdrawal and consumption statistics, using a different sectoral 
breakdown. For 2015 Eurostat reported around 12.4 billion m3 for power generation and 
mining and quarrying, which is below our estimations, but incompleteness of these data 
is visible since in 2010 Eurostat reported 70.6 billion m3 of water used for power 
generation (Eurostat, 2018). Validation and comparison of the data against the 
information available in Eurostat is provided in Annex III. 
The water withdrawals estimated by the World Energy Council (World Energy Council, 
2010) were 72.6 billion m3 in 2015, 71.7 billion m3 in 2030 and 70.3 billion m3 in 2050. 
The 2015 values are very close to our results but future values differ since they are 
based on different energy projections. 
Figure 3. Total water withdrawal of the energy sector in the EU 
 
Water withdrawal is expected to remain constant around 65 billion m3 during the period 
2020-2030. It is expected that the water withdrawal will decrease of 12% by 2030 and of 
38% by 2050 compared to 2015 levels. 
Energy production accounted for 29% of the withdrawals in 2015, and will require 22% 
and 20% of the withdrawals by 2030 and 2050. 
The World Energy Council reports 60.6 billion m3 of water withdrawn for primary energy 
production in 2015, 57.3 billion m3 in 2035 and 53.1 billion m3 in 2050, which in 
combination with withdrawal for electricity generation of 12 billion m3 in 2015, 14.4 
billion m3 in 2035 and 17.2 billion m3 in 2050 (World Energy Council, 2010) provides 
inverted shares compared to our analysis. The logical explanation would be that nuclear 
power generation was included within primary production by the World Energy Council, 
while in our analysis it is included within power generation. 
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Table 1 Water withdrawn by the energy sector in EU member states (million m3/year) 
Code Country 2015 2020 2025 2030 2035 2040 2045 2050 
AT Austria 783 1324 1173 1224 1155 1464 2186 1943 
BE Belgium 887 544 350 578 827 888 889 850 
BG Bulgaria 5291 5046 4569 4389 4381 4372 4526 4815 
HR Croatia 77 113 162 130 3 3 4 3 
CY Cyprus 0.15 0.20 0.19 0.07 0.07 0.08 0.08 0.09 
CZ Czech Republic 2768 2708 2654 2432 1824 1061 855 1162 
DK Denmark 9 29 28 28 24 23 27 28 
EE Estonia 1186 1249 1245 953 680 678 466 245 
FI Finland 262 367 487 438 390 260 225 256 
FR France 17589 14407 15016 15688 15954 12210 11394 8249 
DE Germany 16421 12985 12387 10553 10215 9384 8362 10033 
EL Greece 1977 1636 1334 856 903 690 140 14 
HU Hungary 3010 3041 4418 5937 4712 5036 5086 5082 
IE Ireland 58 50 45 36 65 65 5 5 
IT Italy 1275 1419 1258 1286 964 1201 1021 1013 
LV Latvia 16 17 26 23 26 5 7 6 
LT Lithuania 95 136 214 391 330 336 336 336 
LU Luxemburg 0.5 0.6 0.7 0.7 0.7 0.6 0.6 0.7 
MT Malta 0.02 0.03 0.03 0.03 0.06 0.06 0.05 0.06 
NL The Netherlands 1466 1161 1459 1449 1121 1316 1443 1252 
PL Poland 10432 10359 9846 9400 7540 5351 4695 4308 
PT Portugal 136 115 181 96 52 108 162 79 
RO Romania 3694 3725 5281 4675 4309 4242 4193 4484 
SK Slovakia 213 219 212 195 185 205 162 227 
SI Slovenia 874 797 797 801 781 645 899 893 
ES Spain 4265 4285 3451 3145 3106 565 348 263 
SE Sweden 51 59 54 68 71 70 80 82 
UK The United Kingdom 817 368 367 272 304 301 266 249 
Table 1 shows that most of the water withdrawals in 2015 took place in France, 
Germany, Poland, Bulgaria and Spain. By 2050 it is expected that Germany will take the 
lead, followed by France, Hungary, Bulgaria and Romania. A more detailed overview for 
each of EU member states (except Cyprus and Malta, which use negligible amounts of 
fresh water), with the data provided for different elements of the energy system and on 
NUTS-2 level, is provided in Annex V. 
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Figure 4. Water withdrawn by the energy system per NUTS-2 regions in 2015 
 
Figure 4 shows that in 2015 22 regions withdrew more than one billion  m3, as detailed in 
Table 14 of Annex III. Maximum withdrawal took place in region FR71 Rhône-Alpes, 
almost 9.8 billion m3, followed by 4.3 billion m3 in FR61 Aquitaine (both for cooling 
nuclear power reactors), 3.5 billion m3 in PL22 Śląskie, 3 billion m3 in DEA2 Köln, 2.9 
billion m3 in DEA1 Düsseldorf (all for coal mining and cooling of coal power plants) and 
2.6 billion m3 in ES43 Extremadura (again for cooling nuclear power reactors). Regions 
with the highest water withdrawal are presented in Figure 5. 
In 2015 the use of water for energy purposes was negligible in 15 regions (EL 42 Notio 
Aigaio, CZ01 Praha, EL64 Sterea Ellada, MT00 Malta, EL54 Ipeiros, EL52 Kentriki 
Makedonia, EL61 Thessalia, EL 62 Ionia Nisia, EL63 Dytiki Ellada, ES70 Canarias, FRA1 
Guadeloupe, FRA2 Martinique, FRA4 La Réunion, FRA5 Mayotte and PT30 Região 
Autónoma da Madeira). 14 of them are islands or coastal regions that only use seawater 
for energy purposes, while the energy facilities located in Prague use a negligible amount 
of fresh water. 
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Figure 5. NUTS-2 regions with the highest water withdrawal in 2015 
 
Figure 5 shows the regions with the highest water withdrawal in 2015, where the water 
was mainly used in nuclear power plants, mining, and power generation from solid fuels. 
The water withdrawal for nuclear power plants in regions FR71 Rhône-Alpes and FR61 
Aquitaine equals the water withdrawal in the following five regions. 
By 2030 two of the top-20 regions by water withdrawals in 2015 will withdraw even 
more, HU23 Dél-Dunántúl (+128%) and RO22 Sud-Est (+91%). On the other hand, 
some of these regions will significantly decrease the withdrawals: DEF0 Schleswig-
Holstein (-85%), EL53 Dytiki Makedonia (-63%) or RO41 Sud-Vest Oltenia (-57%). 
 12 
Figure 6. Water withdrawn by the energy system per NUTS-2 regions in 2030 
 
In 2030 the highest water withdrawal for energy use will still occur in FR71 Rhône-Alpes 
(9.7 billion m3). The other regions with expected high water withdrawal for energy use 
are HU23 Dél-Dunántúl (5.8 billion m3), FR61 Aquitaine (4.2 billion m3), RO22 Sud-Est (4 
billion m3), ES43 Extremadura and BG31 Severozapaden (both 2.6 billion m3). Regions 
with the highest water withdrawal are presented in Figure 7. 
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Figure 7. NUTS-2 regions with the highest water withdrawal in 2030 
 
Figure 7 shows that in 2030 the six regions with the highest withdrawals will use the 
water for cooling systems in nuclear power plants. In addition to that, the combined 
withdrawals of those six regions will be as high as the cumulated withdrawal of the 
following 28 regions. 
 14 
Figure 8. Water withdrawn by the energy system per NUTS-2 regions in 2050 
 
Maximal water withdrawal for energy use in 2050, almost 4.8 billion m3, is expected in 
the region HU23 Dél-Dunántúl, followed by 4.5 billion m3 in FR71 Rhône-Alpes, 3.9 billion 
m3 in RO22 Sud-Est, 3.4 billion m3 in BG31 Severozapaden, 2.9 billion m3 in FR61 
Aquitaine and 2.3 billion m3 in DEA1 Düsseldorf. 
Figure 9 shows that nuclear power generation will withdraw most of the water in 2050, 
but it also shows that fuel switch to gas in the same regions may maintain significant 
water withdrawal. 
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Figure 9. NUTS-2 regions with the highest water withdrawal in 2050 
 
Figure 10. Changes in water withdrawal in the region DEA1 
 
As a special case, the region DEA1 shows, compared to 2030 a decrease in water 
withdrawal for power generation from coal power plants along with the increase of water 
withdrawal for coal production (the only solid fuel produced in the region is lignite). This 
is explained by the expected decommissioning of hard coal power plants (located by the 
Rhine) while the lignite power plants remain. The consequence of that would be that the 
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remaining power plants would still use natural drought towers for cooling, compared to 
the more water-intensive once-through cooling systems used on the Rhine. 
2.2 Overall water consumption 
Total water consumption by the energy sector in the EU in 2015 was 3.8 billion m3 and is 
expected to decline to 2.8 billion m3 by 2050 (Figure 11). 
Figure 11. Total water consumption of the energy sector in the EU 
 
Water consumption from the energy sector would decrease 16% by 2030 and 27% by 
2050 compared to its 2015 level. The share of water consumption for energy production 
will significantly decrease, from 24% in 2015 to 12% in 2050, as a consequence of the 
expected reduction in the production of fossil fuels, and the use of coal for power 
generation. Water consumption makes around 5.3% from water withdrawal needed by 
the energy sector, ranging from around 5% in the period 2015 - 2035 to 6% in 2050. 
Table 2 shows that throughout the 2015-2050 period most water is consumed in 
Germany, France, Poland, Spain, Czech Republic and the United Kingdom. The water 
consumption of the energy sector in Spain is expected to significantly decrease by 2050. 
A more detailed overview for each of EU member states, with the data provided for 
different elements of the energy system and on NUTS-2 level, is provided in the Annex V. 
This Annex does not contain data for Cyprus and Malta due to negligible use of fresh 
water by the energy sector. 
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Table 2 Water consumed by the energy sector in EU member states (million m3/ year) 
Code Country 2015 2020 2025 2030 2035 2040 2045 2050 
AT Austria 18 22 21 21 23 28 36 33 
BE Belgium 59 60 35 39 74 104 121 122 
BG Bulgaria 75 84 77 76 70 66 57 65 
HR Croatia 3.8 4.3 4.2 3.6 2.7 2.9 3.0 2.7 
CY Cyprus 0.06 0.08 0.08 0.03 0.03 0.03 0.03 0.04 
CZ Czech Republic 216 219 226 237 235 227 222 240 
DK Denmark 5 16 16 16 14 13 16 16 
EE Estonia 15 16 14 12 10 10 11 9 
FI Finland 29 29 34 43 44 47 46 47 
FR France 744 677 641 615 615 567 560 493 
DE Germany 1013 824 783 705 614 609 573 706 
EL Greece 92 79 67 44 47 35 16 10 
HU Hungary 43 40 40 47 35 38 39 40 
IE Ireland 1.6 2.1 2.0 2.4 1.9 2.2 2.5 2.7 
IT Italy 87 94 97 97 96 96 86 85 
LV Latvia 2.5 2.8 4.0 3.6 3.9 4.0 4.7 4.5 
LT Lithuania 10 12 15 29 29 30 30 30 
LU Luxemburg 0.33 0.35 0.40 0.44 0.40 0.37 0.38 0.43 
MT Malta 0.01 0.02 0.02 0.02 0.03 0.04 0.03 0.03 
NL The Netherlands 32 49 52 52 52 46 49 50 
PL Poland 646 624 570 595 495 403 377 352 
PT Portugal 24 15 17 11 11 10 11 9 
RO Romania 113 115 104 73 57 60 62 78 
SK Slovakia 62 75 75 86 89 93 75 86 
SI Slovenia 37 42 40 40 37 23 18 17 
ES Spain 217 215 156 131 124 81 56 52 
SE Sweden 33 37 34 43 45 45 51 52 
UK 
The United 
Kingdom 
209 161 164 167 189 190 172 158 
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Figure 12. Water consumed by the energy system per NUTS-2 regions in 2015 
 
In 2015 there were seven regions where total water consumption was above 100 million 
m3: PL22 Śląskie (366 million m3), FR24 Centre (210 million m3), FR71 Rhône-Alpes (158 
million m3), DEA1 Düsseldorf (146 million m3), DEA2 Köln (132 million m3), FR41 
Lorraine (104 million m3) and FR21 Champagne-Ardenne (101 million m3); as shown in 
Table 15 of the Annex III.  
Water consumption was negligible in 17 regions (EL41 Voreio Aigaio, CY00 Kypros, EL42 
Notio Aigaio, CZ01 Praha, EL64 Sterea Ellada, EL54 Ipeiros, EL52 Kentriki Makedonia, 
EL61 Thessalia, EL 62 Ionia Nisia, EL63 Dytiki Ellada, MT00 Malta, ES70 Canarias, FRA1 
Guadeloupe, FRA2 Martinique, FRA4 La Réunion, FRA5 Mayotte and PT30 Região 
Autónoma da Madeira). These regions either do not have energy facilities or do not use 
fresh water for energy purposes. 
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Figure 13. NUTS-2 regions with the highest water consumption in 2015 
 
Figure 13 shows that in 2015 the water was consumed for mining, power generation 
from solid fuels, nuclear power plants, and gas power plants in the top-six water 
consuming regions. 
The region with the highest water consumption (PL22 Śląskie) is the area with the most 
intensive underground coal mining in Europe and the second most intensive coal mining 
region in Europe considering all mining techniques. The region DEA2 Köln is the region 
with the highest production of coal in Europe, but compared to PL22, in both this region 
and in DEA1 Düsseldorf lignite is excavated in much more productive way using the 
biggest continuous rotating excavators in open pits on the surface (Alves Dias, et al., 
2018). 
Table 15 shows that by 2030 some of regions will increase water consumption, like SK02 
Západné Slovensko (45%), but most of them will consume lower amounts, especially in 
UKF1 Derbyshire and Nottinghamshire (-73%), DE27 Schwaben (-72%), DEA3 Münster 
(-61%), RO41 Sud-Vest Oltenia (-58%) or EL53 Dytiki Makedonia (-57%). 
 20 
Figure 14. Water consumed by the energy system per NUTS-2 regions in 2030 
 
By 2030 PL22 Śląskie would reduce water consumption by almost one quarter, to 281 
million m3. The other regions with expected water consumption for energy use above 100 
million m3 are FR24 Centre (141 million m3), FR71 Rhône-Alpes (136 million m3) and 
DEA1 Düsseldorf (both 122 million m3). Regions with the highest water consumption are 
presented in Figure 15. 
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Figure 15. NUTS-2 regions with the highest water consumption in 2030 
 
Figure 15 shows that in 2030 water consumption is expected to reduce in the top-six 
consuming regions, but still the regions having coal mines, coal power plants, and 
nuclear power plants will be consuming significant amounts of water. Water consumption 
for gas power plants will increase with respect to 2015. 
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Figure 16. Water consumed by the energy system per NUTS-2 regions in 2050 
 
The region with most consumption in 2050 is expected to be DEA1 Düsseldorf, 219 
million m3, followed by 151 million m3 in PL22 Śląskie, 106 million m3 in FR24 Centre, 97 
million m3 in FR21 Champagne-Ardenne, 84 million m3 in DEA5 Arnsberg and 82 million 
m3 in FR41 Lorraine. Regions with the highest water consumption are presented in Figure 
17. 
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Figure 17. NUTS-2 regions with the highest water consumption in 2050 
 
Figure 17 shows that coal-related water consumption will overtake consumption by 
nuclear power plants in 2050. It is especially interesting to notice that in DEA1, where 
the water withdrawal in coal power plants would drastically fall during the period 2030-
2050 due to the decommissioning of hard coal power plants, water consumption would 
grow by 100% due to a 50% increase in lignite production in mines and its' use in lignite 
power plants. This is a direct consequence of significantly higher water consumption in 
power plants with cooling towers comparing to the ones using once-through cooling 
system on rivers. 
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3 Water use for primary energy production in the EU 
The EU Reference Scenario considers "energy production" as the production of oil, gas, 
coal, other solid fuels, nuclear energy and renewable energy sources (hydro energy, 
biomass and waste, wind, solar and other renewables and geothermal energy). 
Oil, gas and coal employed in energy generation are extracted from the ground through 
different processes: mining for coal, drilling for gas and oil; and hydraulic fracturing for 
unconventional gas- which is still not widely used in European Union, but might become 
significant by 2050 (Rystad Energy UCube, 2018). 
Primary production of nuclear energy is the heat produced in a reactor as a result of 
nuclear fission (Eurostat, 2015). This process occurs in nuclear power plants which are 
analysed in a separate chapter dedicated to power generation. It shall be noted that the 
mining of uranium to be employed for nuclear energy production does not take place in 
the EU; therefore it does not impact European water resources. 
Water consumption is negligible for most of the renewable energy sources (wind, solar, 
geothermal). Despite significant amounts of water are consumed for producing biomass, 
this consumption is not considered in the study since the estimation would have to take 
into account wider considerations regarding the interactions between the water system 
and agricultural yields, which are not in the scope of this research. For similar reasons 
water consumption from hydropower is not considered in the report, since that should be 
the result of a hydrological analysis. Nevertheless, water use by biomass-fired and 
geothermal power plants is addressed in the report. 
For the above mentioned reasons, in this report the energy production is defined as the 
production of solid fuels, oil and gas. 
3.1 Water withdrawal for energy production 
Water withdrawal for energy production in the EU was above 21 billion m3 in 2015. It is 
expected to decline by two thirds, to 7 billion m3 in 2045, and afterwards increase to 
more than 9 billion m3 in 2050 (Figure 18). 
Figure 18. Water withdrawal for energy production in the EU 
 
Withdrawals will decrease by 33% in 2030 and by 56% in 2050, compared to 2015. An 
increase is expected from 2045 to 2050 because of the increase in coal mining in 
Bulgaria, Czech Republic, Germany, Romania and Slovenia driven by the penetration of 
carbon capture and storage technologies. Production of solid fuels accounts for virtually 
all the withdrawals in the 2015-2050 period. 
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3.2 Water consumption for energy production 
Water consumption for the energy production in the EU in 2015 amounted to 895 million 
m3 and is expected to decline to 292 million m3 by 2045, and finally increase to 337 
million m3 in 2050 (Figure 19). 
Figure 19. Water consumption for energy production in the EU 
 
As in the case of water withdrawal, water consumption is also expected to increase in 
2050 due to expected growth in the production of solid fuels. Compared to 2015 water 
consumption will decrease by 33% until 2030 and by 62% in 2050. The majority of water 
is consumed for producing solid fuels; however this share is decreasing with time, at the 
expense of oil. Water consumption for gas production would increase but remaining 
marginal (below 1%). The share of water consumption in water withdrawal for energy 
production is around 4%, being between 3.9% and 4.2% by 2045 and dropping to 3.6% 
in 2050 as a result of the expected increase in production of coal. 
3.3 Production of solid fuels 
In this analysis, solid fuels include coal4, peat and oil shale. Coal provides 16% of gross 
inland energy consumption in the EU (Alves Dias, et al., 2018) while peat and oil shale 
account for 0.1% and 0.2% respectively. Coal is mainly used within the power sector, 
where coal-fired power plants account for 24% of the EU power generation mix. 
Coal mining is a water-intensive process. Water is used mainly for the suppression of 
dust and for coal washing (Carpenter, 2015). In the cases of surface coal mines, as well 
as for peat and oil shale extraction, the mining area has to be dewatered, but this was 
not taken into account in this research due to the lack of data. 
Peat and oil shale extraction do not require significant amounts of water, according to 
according to (World Energy Council, 2013) and (Gavrilova, Randla, Vallner, Strandberg, 
& Vilu, 2005) , and therefore in this report the production of solid fuels is associated only 
to the extraction of coal. 
                                           
4 The main data source regarding current status and future dynamics of coal mining sector was the Coal Mines 
Database (Alves Dias, et al., 2018). 
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3.3.1 Water withdrawal 
Water withdrawal for coal production in the EU in 2015 was above 21 billion m3. It is 
expected to decline by two thirds in 2045, to 7 billion m3, and then increase to more than 
9 billion m3 by 2050 (Figure 20). These figures are similar to the total withdrawal for 
energy production, since this category is dominated by the production of coal. 
Figure 20. Water withdrawal for production of coal in the EU 
 
Water withdrawal for the production of coal is expected to increase in 2050 due to the 
possible penetration of carbon capture and storage technologies in some countries 
(Bulgaria, Czech Republic, Germany, Romania and Slovenia). Water withdrawal will 
decrease 33% by 2030 and 56% by 2050 compared to 2015. Water withdrawal per 
NUTS-2 regions in 2015 is presented in Figure 21. 
 27 
Figure 21. Water withdrawal for production of coal per NUTS-2 regions in 20155 
 
There are 32 regions with coal production in EU28 for which data are available. The map 
shows that in 2015 there were nine regions where water withdrawal for production of 
coal was above one billion m3 (CZ04 Severozápad, DE40 Brandenburg, DEA1 Düsseldorf, 
DEA2 Köln, DED2 Dresden, EL53 Dytiki Makedonia, PL11 Łódzkie, PL22 Śląskie and RO41 
Sud-Vest Oltenia), as detailed for the top-20 regions in Table 16 of Annex III. Most of the 
withdrawals in 2015 took place in, PL22 Śląskie, almost 3.2 billion m3, followed by 2.7 
billion m3 in DEA2 Köln, and 1.6 billion m3 respectively in EL53 Dytiki Makedonia and 
DEA1 Düsseldorf. 
                                           
5 Locations of coal mines: JRC- Coal Mines Database (Alves Dias, et al., 2018) 
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Figure 22. Water withdrawal for production of coal per NUTS-2 regions in 2030 
 
By 2030 the number of regions with active coal mines is expected to be reduced to 29, 
leaving only seven regions with water withdrawal above one billion m3: CZ04 
Severozápad, DE40 Brandenburg, DEA1 Düsseldorf, DEA2 Köln, DED2 Dresden, PL11 
Łódzkie and PL22 Śląskie (with the highest value, 2.2 billion m3). The water will no longer 
be used for production of coal in eight regions and in other seven regions the decrease of 
water withdrawal will be above 50%. 
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Figure 23. Water withdrawal for production of coal per NUTS-2 regions in 2050 
 
By 2050 coal would be produced in 16 regions. Only three regions will have water 
withdrawal above one billion m3: DEA1 Düsseldorf, DEA2 Köln (highest value, 2.2 billion 
m3) and DED2 Dresden. 
It is worth to notice that in the case of Greece and Poland, the EU Reference scenario 
does not project any increase in coal production nor in carbon capture and storage during 
the 2045-2050 period, despite the most critical regions regarding decarbonisation-related 
job losses are located there (Alves Dias, et al., 2018). Growth in coal production and the 
corresponding water withdrawal is expected only in Bulgaria, Czech Republic, Germany, 
Romania and Slovakia. 
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3.3.2 Water consumption 
Water consumption for coal production in the EU in 2015 was 828 million m3. It is 
expected to decline to 250 million m3 by 2045 and then increase to 301 million m3 in 
2050. 
Figure 24. Water consumption for production of coal in the EU 
 
Water consumption for coal production will decrease by 33% until 2030 and by 64% by 
2050 compared to 2015’s levels. 
The share of water consumption to withdrawal is around 3.7% and decreasing from 3.9% 
in 2015 to 3.2% in 2050. This is due to the order of closure of different types of coal 
mines which use water in different ways. 
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Figure 25. Water consumption for production of coal per NUTS-2 regions in 2015 
 
In 2015 only one EU region consumed more than 100 million m3 for coal production- 
PL22 Śląskie (308 million m3). Consumption in other regions was significantly lower, 
starting from 54 million m3 in DEA2 Köln and following with 38 million m3 in CZ08 
Moravskoslezsko, 35 million m3 in DEA3 Münster and 32 million m3 in EL53 Dytiki 
Makedonia and DEA1 Düsseldorf (Table 17 of the Annex III). 
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Figure 26. Water consumption for production of coal per NUTS-2 regions in 2030 
 
In 2030 water consumption for coal production in PL22 Śląskie would still reach 210 
million m3; while in other regions is expected to be significantly lower, starting with 44 
million m3 in CZ08 Moravskoslezsko, 30 million m3 in DEA2 Köln and 27 million m3 in 
CZ04 Severozápad and DE40 Brandenburg. France and Italy will have ceased coal 
production. 
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Figure 27. Water consumption for production of coal per NUTS-2 regions in 2050 
 
In 2050 there would be no regions where water consumption would be above 100 million 
m3. The highest water consumption for coal production is expected again in PL22 Śląskie 
(95 million m3), followed by nine more regions with water consumption above 10 million 
m3, starting with DEA2 Köln (44 million m3), DED2 Dresden (33 million m3), DEA1 
Düsseldorf (32 million m3) and CZ08 Moravskoslezsko, PL21 Małopolskie and BG34 
Yugoiztochen with 17 million m3. 
It is expected that by 2050 there will be none or just marginal coal production in Greece, 
Spain, Italy, Hungary, Slovenia and The UK. 
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3.4 Production of oil 
The production of oil is defined in this report as the extraction of oil from indigenous 
crude oil fields (Eurostat, 2015) as well as oil recovery, as indicated in the EU Reference 
scenario. 
All the water withdrawn for producing oil is actually consumed, and therefore in this 
section the term "water use" will be used. 
Water use for oil production6 in the EU in 2015 amounted to 66 million m3 of fresh water. 
By 2050, water use would decrease by 50%, to 33 million m3, as presented in Figure 28. 
It is worth to notice that these values are significantly lower than in the case of 
production of coal. 
Figure 28. Water use for production of oil in the EU 
 
The decrease in water use is a direct consequence of the projected reduction in 
production of oil, from 79 Mtoe in 2015 to 14 Mtoe in 2050. 
With respect to 2015, water use would be reduced by 32 % in 2030. The peak of water 
use in 2040 would be a consequence of the expected source of the oil (onshore and 
offshore fields) (Rystad Energy UCube, 2018). 
                                           
6 The main data source regarding oil production was Rystad Energy UCube (Rystad Energy UCube, 2018). 
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Figure 29. Water use for production of oil per NUTS-2 regions in 20157 
 
Water use in 2015 exceeded 100000 m3 in 39 regions. Only one region exceeded 10 
million m3 (ITF5 Basilicata, 15.3 million m3), as presented in Table 18 of the Annex III. 
The regions which follow are UKK2 Dorset and Somerset (5.6 million m3), RO11 Nord-
Vest (4.7 million m3), PL43 Lubuskie (4.5 million m3) and EE00 Eesti (15.3 million m3). 
Table 18 shows that most of the regions will reduce water use by 2030, except some 
regions in Italy and Romania. Water will no longer be used for production of oil in 
Slovakia. In total, there are 32 regions where the decrease will be above 50%. 
                                           
7 Locations of oil fields: (Rystad Energy UCube, 2018); locations of oil refineries: (Oil & Gas Journal, 2018) 
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Figure 30. Water use for production of oil per NUTS-2 regions in 2030 
 
According to the EU Reference Scenario, in 2030 38 regions would use more than 100000 
m3 for producing oil, of which eight would use more than one million m3: ITF5 Basilicata 
(16.7 million m3), RO31 Sud - Muntenia (4.7 million m3), EE00 Eesti (3.9 million m3), 
PL43 Lubuskie (1.6 million m3), PL41 Wielkopolskie (1.2 million m3), RO11 Nord-Vest 
(1.1 million m3) and RO21 Nord-Est and RO22 Sud-Est (both one million m3). 
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Figure 31. Water use for production of oil per NUTS-2 regions in 2050 
 
By 2050 only 27 regions would use more than 100000 m3. In 2050 there would be only 
six regions with water use above one million m3: RO22 Sud-Est (11.3 million m3, 772% 
increase since 2015), EE00 Eesti (3.5 million m3), RO11 Nord-Vest (3.3 million m3), 
RO12 Centru (2.6 million m3, a new region with intensive oil production resulting in 
14829% increase since 2015), ITF5 Basilicata (2.0 million m3) and ITG1 Sicilia (1.7 
million m3). Interestingly, in the period 2030-2050 the water use in ITF5 Basilicata is 
expected to decrease from 16.7 million to 2.0 million m3, while RO22 Sud-would increase 
from 1.0 million to 11.3 million m3, and RO12 Centru from 17000 to 2.6 million m3. 
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3.5 Production of gas 
Conventional gas, like oil, is extracted through wells. However, whilst most oil wells 
require the use of water to facilitate the flow of oil to the surface, gas is naturally under 
pressure and flows spontaneously through the wellbore. Therefore, water consumption 
for the extraction of conventional gas is normally restricted to the drilling process of the 
well. In the case of unconventional gas, the water is used in the process of gas extraction 
during the fracking phase. 
As in the case of oil production, all the water withdrawn for producing gas is fully 
consumed, and for this reason the term "water use" will be employed in this section. 
In the case of gas production, fresh water is employed for drilling production in on-shore 
wells. Off-shore wells employ seawater in their operation. 
Water use for gas production8 in the EU amounted to 200000 m3 in 2015. It is expected 
to increase more than 15 times, to 3.1 million m3 by 2050, peaking at 3.4 million m3 in 
2045, as shown in Figure 32. 
Figure 32. Water use for production of gas in the EU 
 
Compared to 2015, water use will increase by 1042% until 2030 and by 1456% in 2050. 
This enormous increase would be driven mainly by the use of unconventional gas 
technologies (Rystad Energy UCube, 2018). 
                                           
8 The main data source regarding gas production was Rystad Energy UCube (Rystad Energy UCube, 2018). 
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Figure 33. Water use for production of gas per NUTS-2 regions in 2015 9 
 
The analysis of water use for conventional gas production was based on the data for 
newly discovered fields starting from 2018. This means that the data for 2015 is based 
on unconventional gas production only. With this in mind, in 2015 there were only 10 
regions in the EU producing unconventional onshore gas using fresh water in the 
process: DEE0 Sachsen-Anhalt (96000 m3 of fresh water), PL41 Wielkopolskie (46000 
m3), PL22 Śląskie (45000 m3), NL13 Drenthe (10000 m3), DE94 Weser-Ems (3000 m3) 
and PL52 Opolskie, PL63 Pomorskie, PL62 Warmińsko-mazurskie, UKD6 Cheshire and 
PL21 Małopolskie with negligible water use. Table 19 in the Annex III shows the evolution 
of the top-20 regions by water use for the period 2015-2050. 
Table 19 shows that most of regions will expect an increase in water use by 2030 and 
2050, either because of newly drilled conventional gas fields or because of expected use 
of unconventional gas. Since the maximum amount of water used for producing gas is 
well below 3.5 million m3 per year at EU scale, only the expected distribution in 2050 will 
be presented (Figure 34). 
                                           
9 Locations of gas fields: Rystad Energy UCube 2018 
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Figure 34. Water use for production of gas per NUTS-2 regions in 2050 
 
In 2050 there will be 72 regions using water for gas production. Unconventional gas is 
expected to be used in Germany, France, Italy, The Netherlands, Poland, Romania, 
Slovenia and the UK. Only 7 regions are expected to use more than 100000 m3 (out of 
which 6 in Poland): PL31 Lubelskie 723 000 m3, PL 41 Wielkopolskie 479000 m3, PL12 
Mazowieckie 440000 m3, PL63 Pomorskie 341000 m3, PL22 Śląskie 266000 m3, PL62 
Warmińsko-mazurskie 180000 m3 and UKD4 Lancashire 121000 m3. These are the 
regions where the highest production of unconventional gas is expected (Rystad Energy 
UCube, 2018). 
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4 Water use for energy transformation in the EU 
The energy transformation sector consists of all the facilities that convert primary energy 
into electricity or fuels that can be used by end users (e.g. transport, households, etc.). 
In the EU Energy Reference Scenario (European Commission, 2016) energy 
transformation takes place in oil refineries and power plants. As explained in Annexes I 
and II, only the following types of power plants have been considered in this analysis: 
nuclear, solid-fired, oil-fired, gas-fired, biomass- and waste-fired, and geothermal power 
plants. The power plants excluded from the analysis are those that do not consume water 
in their operations, namely: hydropower wind, solar, and hydrogen power plants. 
The projections provided by the EU Energy Reference scenario for power plants refer to 
installed capacities, net investments, gross power generation and net power generation. 
Water withdrawal and consumption have been estimated according to the gross power 
generation, while the projected installed capacities and new investments were used as 
auxiliary inputs for the calculations. 
The power sector requires reliable access to large amounts of water. Water requirements 
can be divided into process water and cooling water. Process water is demineralised 
water used to cover mainly water losses in steam boilers (for boiler blowdown and for 
removing impurities accumulating within the boiler) and losses in labyrinth seals of steam 
turbines, but also to reduce emissions and for the treatment of flue gasses. For water-
cooled plants, the use of cooling water is far greater than process water. Cooling 
accounts for 80% to 95% of the water used in power plants (DOE, 2005), (Williams & 
Simmons, 2013). The withdrawal and consumption of water in power plants is based on 
the power plant design, the fuel, and the thermal efficiency of the power plant; which 
indicates how much energy from fuels is converted to electricity and heat. 
The selection of the cooling system for a power plant is based on geographical, seasonal 
and regulatory parameters. The geographical location of a power plant is important to 
assess if sufficient water resources (fresh or saline) are available in the proximity. Water 
intake and discharge is based on seasonal effects such as ambient air and water 
temperature, with the cooling system designed to accommodate seasonal changes. 
Regulations defining for example a maximum temperature for water discharge from the 
power plant, or market adjustment (e.g. lower operations from carbon based plants) also 
affect the amount of water needed for cooling power plants. 
District heating systems were considered through cogeneration units within the power 
sector. Water losses of district heating systems were not considered in this study as they 
depend on the heating network maintenance, which is energy-provider-specific 
information. 
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4.1 Water withdrawal for energy transformation 
Water withdrawal for energy transformation in the EU was 52 billion m3 in 2015. It is 
expected to decline of 30%, to 37 billion m3 by 2050 (Figure 35). 
Water withdrawal for energy transformation is expected to increase in 2030 due to 
investment in new nuclear power plants in Hungary, Slovakia and the UK. According to 
the EU Energy Reference Scenario by 2020 withdrawals would decrease by 11%; but 
investments in new nuclear power capacities would increase afterwards until almost 
reaching the 2015 level by 2030. Beyond that year, changes in the power generation mix 
would explain further reductions in the amount of water withdrawn for energy 
transformation purposes. 
Figure 35. Water withdrawal for energy transformation in the EU 
 
Figure 35 also shows that virtually all the water withdrawn by the energy transformation 
sector is used by power plants (for cooling thermal power plants), while oil refining 
accounts for only 0.2% of the total withdrawal. 
In 2015 nuclear power plants withdrew 58% of the water used by the power sector. This 
share is expected to increase by 2030 (to 63%), and decrease afterwards (to 54% in 
2050). The water withdrawal by solid fired power plants is also expected to decrease 
from 30% in 2015 to 14% in 2050. On the contrary, the water withdrawal for gas power 
plants will increase from 10% in 2015 to 30% in 2050, since this technology will displace 
solid fired and nuclear power plants in the coming years. Water withdrawal for oil fired 
power plants is expected to decrease from 1% in 2015 to 0.01%. The share of biomass 
power plants could increase from 1% to 2%, while the share of geothermal power plants 
would remain negligible throughout the whole period. 
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4.2 Water consumption for energy transformation 
In 2015 2.9 billion m3 of water were consumed by energy transformation facilities in the 
EU. It is expected that the consumption will decline to 2.4 billion m3 by 2040 and remain 
at that level until 2050 (Figure 36). 
Figure 36. Water consumption for energy transformation in the EU 
 
The expected slight raise in water consumption between 2045 and 2050 would be due to 
the anticipated generation by solid-fuelled power plants, driven by the penetration of 
carbon capture and storage technologies (CCS) in the power market. Water consumption 
is expected to decrease 10% by 2030, and 16% by 2050 compared to 2015. Most of the 
water would be consumed by power plants (96%) with oil refineries accounting for only 
4%. 
The water consumed by power plants amounted to 2.8 billion m3 in 2015. Consumption is 
expected to decline to 2.3 billion m3 by 2040, remaining stable until 2050. 
In 2015 nuclear and solid-fired power plants consumed a similar share of water (43% 
and 40% respectively). Biomass power plants accounted for 10% of the consumption, 
and gas-fired plants for 7%. In 2030 nuclear and solid-fired power plants would still be 
the higher consumers (37% and 30% respectively), but the shares of biomass and gas 
plants are expected to increase to 20% and 14% respectively. This trend would continue 
until 2050, when all four leading technologies, nuclear power plants, gas, biomass and 
solid-fired power plants, should have balanced shares of water consumption (30%, 24%, 
23% and 23% respectively). 
The share of water consumption to water withdrawal for energy transformation is around 
5.7% with the range between 5.1% in 2030 and 6.6% and in 2050 while the share in 
power generation is a little bit lower, 5.5% and ranging from 4.9% in 2030 to 6.4% in 
2050. These values are higher than values for global water use, where this share for 
thermal power plants is at the level of 2.4% (Vanham D. , 2016), but this is a result of 
different operating conditions and different cooling techniques which are used in Europe 
compared to other parts of the world. An increasing trend from 2030 to 2050 is a result 
of the projected changes in power generation mix. 
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4.3 Nuclear power plants 
Nuclear power plants10 generate power in steam processes where most of the water is 
used for cooling purposes. The amount of water which is also used to cover water losses 
in the steam cycle is minimal, since the steam is generated in heat exchanging process. 
4.3.1 Water withdrawal 
Water withdrawals amounted to 31 billion m3 in 2015. After an initial dip by 2020, 
withdrawals would rise to almost 32 billion m3 by 2030, declining to 20 billion m3 by 2050 
(Figure 37). 
Figure 37. Water withdrawn by nuclear power plants in the EU 
 
The dip by 2020 would be due to the planned closure of several nuclear power plants, 
especially in Germany. According to EU Energy Reference Scenario, total installed power 
of nuclear power plants in EU, including power plants which are cooled both with 
seawater and fresh water, is expected to decrease from 121 GW in 2015 to 114 GW in 
2020. The subsequent evolution would be the result of new foreseen investments in 
Lithuania, Hungary, Slovakia and the United Kingdom, where the new plants would 
become operational during the period 2020-2030, reaching a total 110 GW of installed 
power. 
Water withdrawn by nuclear power plants would increase 4% in 2030 compared to 2015 
and decrease 35% by 2050 when total installed power would be 93 GW. 
                                           
10 The main data source regarding current status and future dynamics of nuclear power plants was the JRC-
Power Plants Database (Kanellopoulos, Hidalgo Gonzalez, Medarac, & Zucker, 2017)  
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Figure 38. Water withdrawn by nuclear power plants per NUTS-2 regions in 201511 
 
Out of the 49 EU regions with nuclear power plants, fresh water is employed in 29 of 
them. During 2015 there were eight regions where the withdrawals exceeded one billion 
m3: FR71 Rhône-Alpes (9.8 billion m3), FR61 Aquitaine (4.3 billion m3), ES43 
Extremadura and BG31 Severozapaden (both 2.6 billion m3), HU23 Dél-Dunántúl (2.5 
billion m3), FR42 Alsace (2.1 billion m3), RO22 Sud-Est (2 billion m3) and DEF0 
Schleswig-Holstein (1.9 billion m3). Table 20, Annex III, shows the evolution of the top-
20 regions by water withdrawal. 
Withdrawals would evolve according to planned phase-out of nuclear plants in Belgium, 
Germany and Spain, and would remain at similar levels elsewhere, except in those 
countries where new power plants are expected (Hungary, Romania and Slovakia). 
                                           
11 Locations of power plants: JRC-PPDB (Kanellopoulos, Hidalgo Gonzalez, Medarac, & Zucker, 2017)  
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Figure 39. Water withdrawal in nuclear power plants per NUTS-2 regions in 2030 
 
By 2030 nuclear power will be phased out in Belgium and Germany while new nuclear 
plants will be built in Lithuania. The number of regions with nuclear power plants using 
fresh water will drop to 20, leaving 7 regions with water withdrawal above one billion m3: 
FR71 Rhône-Alpes (9.6 billion m3), HU23 Dél-Dunántúl (5.8 billion m3), FR61 Aquitaine 
(4.2 billion m3), RO22 Sud-Est (4 billion m3), ES43 Extremadura and BG31 
Severozapaden (both 2.6 billion m3) and FR42 Alsace (1.1 billion m3). 
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Figure 40. Water withdrawal in nuclear power plants per NUTS-2 regions in 2050 
 
In 2050, after the complete nuclear phased-out in Spain, only 15 regions would continue 
using fresh water for nuclear power generation. There will be only five regions with water 
withdrawal above one billion m3: HU23 Dél-Dunántúl (4.8 billion m3), RO22 Sud-Est (4 
billion m3), BG31 Severozapaden (3.4 billion m3), FR71 Rhône-Alpes (3.1 billion m3) and 
FR61 Aquitaine (2.6 billion m3). 
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4.3.2 Water consumption 
In 2015 nuclear power plants consumed 1.2 billion m3 of fresh water. This amount is 
expected to decline to 707 million m3 by 2050 (Figure 41). 
Figure 41. Water consumed by nuclear power plants in the EU 
 
As in the case of withdrawals, consumption is also expected to increase in the period 
2030-2035, but this increase will not be as significant. Consumption will decrease 26% 
by 2030 and 41% by 2050 compared to 2015. 
The share of water consumption in water withdrawal would decrease from 3.9% in 2015 
to 2.8% in 2030 and bounce back to 3.6% in 2050, being 3.4% in average. This would 
be due to the planned decommissioning of existing nuclear power plants and the 
anticipated commissioning of new ones. Although new plants may substitute the old ones 
in most of cases and use the existing cooling system if possible, in some countries, like 
for instance in Spain, there is no plan for commissioning new plants. This is the main 
driver for the change of the share of water consumption to withdrawal in the case of 
nuclear power plants. 
 49 
Figure 42. Water consumption in nuclear power plants per NUTS-2 regions in 2015 
 
In 2015 three French regions consumed over 100 million m3 (209 million m3 in FR24 
Centre, 155 million m3 in FR71 Rhône-Alpes and 100 million m3 in FR21 Champagne-
Ardenne). These regions are followed by FR41 Lorraine (93 million m3), FR53 Poitou-
Charentes (53 million m3) and DE27 Schwaben with 52 million m3. Out of the 8 regions 
with water withdrawal above one billion m3, only FR71 Rhône-Alpes consumed more than 
100 million m3. This is a direct consequence of the different cooling systems which are 
used by different nuclear sites. In all other regions the consumption was between 10 and 
100 million m3. 
Table 21 from Annex III shows that by 2030, most of regions with nuclear power plants 
will reduce water consumption. There will be no nuclear power plants in Belgium and 
Germany, but there will be a new nuclear power plant in Lithuania. 
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Figure 43. Water consumption in nuclear power plants per NUTS-2 regions in 2030 
 
The map shows that in 2030 there will be two regions where consumption could go above 
100 million m3 (139 million m3 in FR24 Centre and 133 million m3 in FR71 Rhône-Alpes). 
These regions are followed by FR21 Champagne-Ardenne (96 million m3), SK02 Západné 
Slovensko (75 million m3) and DE41 Lorraine with 68 million m3. There are only two 
region with water consumption below ten million m3: SI03 Vzhodna Slovenija (8.8 million 
m3 and FR42 Alsace, 6.4 million m3). 
When combining consumption and withdrawal estimations, it is observed that in some 
regions like FR21 Champagne-Ardenne and FR24 Centre the consumption to withdrawal 
ratio is very high, up to 61%, while in some others like FR71 Rhône-Alpes it can be as 
low as 1.38%, or only 0.6% in FR42 Alsace. Low ratios are due to the use of once-
through cooling technologies which has a very high water withdrawal. 
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Figure 44. Water consumption in nuclear power plants per NUTS-2 regions in 2050 
 
By 2050 the water consumption in all regions would be between 10 and 100 million m3. 
The highest water consumption will be in regions FR24 Centre and FR21 Champagne-
Ardenne (88 million m3 each), followed by FR41 Lorraine (76 million m3), CZ06 
Jihovýchod (73 million m3) and CZ03 Jihozápad (65 million m3). 
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4.4 Solid-fuel fired power plants  
The term "solid fuels" in this report refers to coal, oil shale and peat. Solid-fuel fired 
power plants12 use steam processes for generating power. Water is used mainly for 
cooling purposes and a small amount of water is also used to cover water losses in the 
steam cycle. 
4.4.1 Water withdrawal 
Water withdrawal for running EU solid-fuel fired power plants was 15.5 billion m3 in 
2015. This amount is expected to decrease to 4.9 billion m3 in 2050 (Figure 45). 
Figure 45. Water withdrawal in solid-fuel fired power plants in the EU 
 
Withdrawals are expected to decrease because of the decarbonisation of power sector 
and the closure of coal power plants EU-wide. The EU Energy Reference Scenario expects 
a continuous decrease in total installed power of solid-fuel fired power plants from 177 
GW in 2015 to 47 GW in 2045 and a small increase to 52 GW in 2050. The decreasing 
trend would change only after the introduction of carbon capture and storage 
technologies after 2045. Withdrawals are expected to decrease of 28% by 2030 and of 
68% by 2050. 
                                           
12 The main data source regarding current status and future dynamics of solid-fuel fired power plants was the 
JRC-Power Plants Database (Kanellopoulos, Hidalgo Gonzalez, Medarac, & Zucker, 2017). 
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Figure 46. Water withdrawn by solid-fuel fired power plants by NUTS-2 region, 2015 
 
In 2015 there were 110 regions with solid-fuel fired power plants in the EU, of which 82 
used fresh water. Withdrawal was above one billion m3 in four regions: PL12 Mazowieckie 
(1.6 billion m3), DE60 Hamburg and EE00 Eesti (both 1.2 billion m3) and BG34 
Yugoiztochen (1.1 billion m3). 
Table 22, Annex III, shows that water withdrawal for solid-fuel fired power plants is 
usually affected by the phase-out of coal power plants. Belgium, Ireland, Greece, France, 
Italy, Hungary, Portugal and Slovenia, are expected to close all solid-fuel fired power 
plants which employ fresh water by 2050; while Bulgaria, Czech Republic, Estonia, Spain, 
The Netherlands, Austria, Poland, Romania, Finland and the UK could significantly reduce 
the use of solid-fuel fired capacities in power generation. 
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Figure 47. Water withdrawn by solid-fuel fired power plants by NUTS-2 region, 2030 
 
By 2030 Belgium, Italy and Portugal plan to close all solid-fuel fired power plants. The 
number of regions using fresh water would drop to 53, leaving four regions with water 
withdrawal above one billion m3: DE60 Hamburg and PL12 Mazowieckie (both 1.2 billion 
m3) and PL33 Świętokrzyskie and PL42 Zachodniopomorskie (both 1.1 billion m3). For 
some regions a significant increase in water withdrawal by 2030 is anticipated (92% 
increase in FI1D Pohjois- ja Itä-Suomi, 52% in PL42 Zachodniopomorskie, 46% in CZ05 
Severovýchod and 40% in PL33 Świętokrzyskie). 
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Figure 48. Water withdrawn by solid-fuel fired power plants by NUTS-2 region, 2050 
 
In 2050, only 34 regions would continue using fresh water. The highest withdrawals 
would occur in DE12 Karlsruhe (900 million m3), PL33 Świętokrzyskie (668 million m3), 
DE50 Bremen and DE60 Hamburg (both 602 million m3) and PL41 Wielkopolskie (540 
million m3). Some German and Slovak regions would experience an increase in water 
withdrawal: DE71 Darmstadt (185% increase compared to 2015), DE12 Karlsruhe (152% 
since 2015) and DEA5 Arnsberg (40% since 2015), DE50 Bremen (28% since 2015), 
DED2 Dresden (21% since 2015), SK02 Západné Slovensko (8% since 2015) and DEA4 
Detmold (4% since 2015). This would be due to the projected use of carbon capture and 
storage technologies by 2050. 
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4.4.2 Water consumption 
Water consumption in solid-fuel fired power plants in the EU in 2015 was 1.1 billion m3. 
It is expected to decline by 65% to 379 million m3 by 2045, and increase afterwards to 
533 million m3 in 2050 (51% decrease with respect to 2015). 
Figure 49. Water consumption in solid-fired power plants in the EU 
 
Water consumption in solid-fuel fired power plants would decrease 31% by 2030 and 
51% by 2050 compared to 2015. 
The ratio of water consumption to withdrawal would remain around 7% from 2015 to 
2045 and then jump to 10.7% in 2050, moving the average to 7.4%. The change would 
be driven by the order of closure of existing power plants throughout the EU and the 
expected commissioning of new plants with different water requirements. 
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Figure 50. Water consumed by solid-fuel fired power plants by NUTS-2 region, 2015 
 
In 2015 there were no regions with consumption exceeding 100 million m3. The highest 
consumption occurred at DEA1 Düsseldorf (84 million m3), followed by DEA2 Köln (60 
million m3), PL11 Łódzkie (59 million m3), PL22 Śląskie (57 million m3) and UKF1 
Derbyshire and Nottinghamshire (55 million m3). 
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Figure 51. Water consumed by solid-fuel fired power plants by NUTS-2 region, 2030 
 
In 2030 the highest water consumption is foreseen in DEA1 Düsseldorf (71 million m3), 
followed by PL11 Łódzkie (60 million m3), DE40 Brandenburg (54 million m3), PL22 
Śląskie (52 million m3) and DEA2 Köln (48 million m3). When combining these 
estimations with the projected withdrawals, it is possible to notice that in some regions 
like PL11 Łódzkie the ratio of water consumption to withdrawal would be very high, up to 
80%, while in some others like BG34 Yugoiztochen it would be as low as 1.3%, due to 
the use of different cooling systems. 
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Figure 52. Water consumed by solid-fuel fired power plants by NUTS-2 region, 2050 
 
Water consumption would decrease up to 2050 in most regions, except for a few in 
Germany, Slovakia and Bulgaria. The highest water consumption is expected in DEA1 
Düsseldorf (139 million m3), followed by DEA5 Arnsberg (72 million m3), PL22 Śląskie (36 
million m3), DED2 Dresden (35 million m3) and PL11 Łódzkie (33 million m3). 
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4.5 Oil fired power plants 
Oil-fired power plants13 use water for cooling and covering water losses in the steam 
cycle in boiler and turbine. 
4.5.1 Water withdrawal 
Water withdrawal for running oil power plants in the EU in 2015 was 388 million m3. It is 
first expected to drop by an order of magnitude to 32 million m3 in 2020, then increase 
to 42 million m3 in 2030, and then decrease from 13 million m3 in 2035 to 4 million m3 in 
2050 (Figure 53). 
Figure 53. Water withdrawal in oil fired power plants in the EU 
 
Water withdrawal in oil-fired power plants is expected to drop by 92% by 2020 because 
of decarbonisation policies, especially in countries like The UK, Romania, Germany and 
France. 
It is important to notice that water withdrawal in these power plants is 2 to 3 orders of 
magnitude lower than the withdrawal by coal and nuclear power plants during the period 
2015-2050. The difference is explained by the lower oil-fired installed capacity (around 
50 GW EU-wide in 2015) compared to nuclear (120 GW) and solid-fuel fired power plants 
(175 GW), and also by the differences in how those plants are operated throughout the 
year (while nuclear plants are operated at full capacity during 7000 hours/year, solid-fuel 
fired are used 5000 hours/year, and oil-fired only 600 hours/year, therefore having lower 
water requirements in the same period of time). Oil fired power plants are very flexible 
and provide reserve in a power system. In 2030 the total oil fired capacity would be 15 
GW, and in 2050 3.5 GW, making the difference more pronounced. 
The decoupling between the gross power generation and water withdrawal in oil-fired 
power plants is due to the use of different cooling systems, and also by the 
decarbonisation of power sector and the increasing penetration of renewables. Water 
withdrawal from oil-fired power plants will decrease 89% by 2030 and 99% by 2050 
compared to 2015. 
                                           
13 The main data source regarding current status and future dynamics of oil power plants were the JRC-Power 
Plants Database (Kanellopoulos, Hidalgo Gonzalez, Medarac, & Zucker, 2017) and the Worldwide Refinery 
Survey (Oil & Gas Journal, 2018) 
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Figure 54. Water withdrawal in oil power plants per NUTS-2 regions in 2015 
 
In 2015 there were 34 regions in the EU with oil-fired power plants using fresh water. 
The region UKJ4 Kent accounted for 46% of the total withdrawals, 180 million m3, and 
the following six regions withdrew another 53% (see Table 24, Annex III). 
Table 24 shows that already by 2020, the water withdrawal will either significantly 
decrease or water wouldn't be used at all in all seven regions with withdrawal above one 
million m3 in 2015. In UKJ4 Kent the water withdrawal in 2015 was 180 million m3 and 
marginal use is expected in 2020, the region RO22 Sud-Est (83 million m3) expects 70% 
decrease and the regions DE21 Oberbayern (64 million m3), FR51 Pays de la Loire and 
FR81 Languedoc-Roussillon (both 18 million m3), FR10 Île de France (17 million m3) and 
LT00 Lietuva (3.4 million m3) expect no use of water anymore for oil power plants in 
2020. 
According to Figure 53 and Table 24 from the Annex III, the main changes in water 
withdrawal in oil power plants are expected by 2020, after which mostly only minor 
changes are expected on regional level, which is why only the situation in 2050 will be 
further observed. 
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Figure 55. Water withdrawal in oil power plants per NUTS-2 regions in 2030 
 
By 2030 most European regions will see a significant reduction in water withdrawals, with 
26 regions still using water for this purpose, and only one with withdrawal above 10 
million m3: HR04 Kontinentalna Hrvatska (18 million m3), followed by RO22 Sud-Est (8.7 
million m3), DE40 Brandenburg (7.1 million m3) and SK01 Bratislavský kraj (4 million 
m3). 
 63 
Figure 56. Water withdrawal in oil power plants per NUTS-2 regions in 2050 
 
By 2050 it is expected that the number of regions with oil fired power plants using fresh 
water will drop to 15. The region with highest withdrawal would still be DE40 
Brandenburg with 1.8 million m3 covering 50% of total withdrawal, followed by PT18 
Alentejo with only 321000 m3 ES21 País Vasco with 244000 m3, PL12 Mazowieckie with 
214000 m3 and RO31 Sud - Muntenia with 210000 m3. The water won't be used for oil 
power plants in top 7 regions regarding the water withdrawal from 2015. 
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4.5.2 Water consumption 
Water consumed by oil power plants in 2015 was 6.7 million m3. It is expected to change 
from 2.9 million m3 in 2020 to 9.5 million m3 in 2045 finally dropping to 2.6 million m3 in 
2050 (Figure 57). 
Figure 57. Water consumption in oil power plants in the EU 
 
Compared to 2015, water withdrawal would increase by 6% until 2030, and then 
decrease 61% by 2050. Due to a small number of oil power plants and the low number of 
hours they are operated throughout the year, water consumption and power generation 
are not proportional during the period 2015-2050. In addition, it is important to notice 
that it is not unusual for oil fuelled power plants to be able to use natural gas as a fuel 
source, which might influence the use of oil as fuel for power generation. 
Figure 58. Water consumption to withdrawal ratio in oil power plants 
 
The consumption to withdrawal ratio steadily increases from 1.7% in 2015 to around 
72% in 2050. This is an indication of the change in the structure of oil power plants and 
expected survival of those plants which use cooling towers for cooling purposes. 
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Figure 59. Water consumption in oil power plants per NUTS-2 regions in 2015 
 
The regions with the highest water consumption in 2105 were UKJ4 Kent (1.2 million m3, 
18% of the total), ES21 País Vasco (658000 m3), RO22 Sud-Est (569000 m3), ES51 
Cataluña (503000 m3) and DE40 Brandenburg (443000 m3). Table 25 of Annex III shows 
that most of regions with water consumption above 100000 m3 in 2015 will significantly 
decrease water consumption by 2030 (between 70% and 100% decrease), with the 
exception of regions PT18 Alentejo (+156%), DE40 Brandenburg (+127%) and AT22 
Steiermark (+4%). 
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Figure 60. Water consumption in oil power plants per NUTS-2 regions in 2030 
 
In 2030 the region DE40 Brandenburg would account for most of the consumption (4.9 
million m3, 69% of the total), followed by PT18 Alentejo (700000 m3), PL12 Mazowieckie 
(278000 m3), ES21 País Vasco (212000 m3) and ES51 Cataluña (162000 m3). 
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Figure 61. Water consumption in oil power plants per NUTS-2 regions in 2050 
 
Consumption in DE40 Brandenburg would grow to 7.1 million m3 in 2045, accounting for 
75% of total EU consumption, but in 2050 the water consumption in this region would 
decrease to 1.3 million m3, 48% of the total. The other four most consuming regions 
would be PT18 Alentejo (258000 m3), ES21 País Vasco (196000 m3), PL12 Mazowieckie 
(172000 m3) and RO31 Sud – Muntenia (169000 m3). 
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4.6 Gas fired power plants 
Gas power plants14 can use either gas turbines, steam turbines or a combination of both. 
Gas turbines do not require the use of water. Steam turbines need water mainly for 
cooling purposes and to cover for water losses in the steam cycle in boiler and turbine. 
4.6.1 Water withdrawal 
Water withdrawn by gas power plants in 2015 amounted to 5.2 billion m3. This quantity 
is expected to slightly decline to 5 billion m3 in 2020, then increase to 12 billion m3 in 
2045 and finally decrease to 10.7 billion m3 (Figure 62). Compared to 2015 withdrawal 
would increase 26% by 2030 and 105% by 2050. 
Figure 62. Water withdrawal in gas fired power plants in the EU 
 
Withdrawals generally follow the evolution of gross power generation from gas power 
plants. The expected decline by 2020 would be explained by an initial boost in 
renewables. Gas power plants are planned to replace coal and nuclear power plants as 
part of decarbonisation and denuclearisation policies, resulting in increasing withdrawals 
by gas power plants from 2020 to 2045. By 2050 the introduction of carbon capture and 
storage technologies would increase the use of coal power plants and limit the uptake of 
gas power plants. 
Total installed gas-fired capacity should first decrease from 220 GW in 2015 to 208 GW 
in 2030 and then increase to 269 GW in 2050. The increase of power generation in the 
period of reduction in net installed capacities from 2015 to 2030 and the decrease in 
power generation during the increase of net installed capacities from 2045 to 2050 
indicate an increment in the expected number of operating hours. 
                                           
14 The main data source regarding current status and future dynamics of gas power plants was the JRC-Power 
Plants Database (Kanellopoulos, Hidalgo Gonzalez, Medarac, & Zucker, 2017)  
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Figure 63. Water withdrawal in gas power plants per NUTS-2 regions in 2015 
 
In 2015 33 European regions used more than 10 million m3 of fresh water in gas power 
plants, of which 16 withdrew above 100 million m3. The highest withdrawals took place in 
ITC4 Lombardia (808 million m3), DEA1 Düsseldorf (549 million m3), NL32 Noord-Holland 
(474 million m3), DE21 Oberbayern (304 million m3) and DEB3 Rheinhessen-Pfalz (299 
million m3). 
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Figure 64. Water withdrawal in gas power plants per NUTS-2 regions in 2030 
 
By 2030 withdrawals would grow in most of EU regions. In 20 of them withdrawal would 
be above 100 million m3. The highest water withdrawal is expected in ITC4 Lombardia 
(789 million m3), NL32 Noord-Holland (678 million m3), BE32 Prov. Hainaut (528 million 
m3), PL12 Mazowieckie (354 million m3) and DEA1 Düsseldorf (348 million m3). 
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Figure 65. Water withdrawal in gas power plants per NUTS-2 regions in 2050 
 
By 2050 it is expected that the number of regions with gas fired power plants using more 
than 100 million m3 of fresh water will increase to 23, with one region exceeding one 
billion m3 (FR71 Rhône-Alpes- 1.4 billion m3), followed by AT31 Oberösterreich (915 
million m3), ITC4 Lombardia (821 million m3), BE32 Prov. Hainaut (680 million m3) and 
PL12 Mazowieckie (601 million m3). 
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4.6.2 Water consumption 
The amount of fresh water consumed by gas power plants in 2015 was 195 million m3. It 
is expected to increase to 644 million m3 by 2045 finally declining to 549 million m3 in 
2050 (Figure 66). Compared to 2015 consumption will increase by 81% until 2030 and 
by 182% by 2050. This big increase is a direct consequence of fuel switch towards gas 
and expected increase in power generation from gas power plants. 
Figure 66. Water consumption in gas power plants in the EU 
 
The consumption to withdrawal ratio ranges between 3.6% in 2020 and 6.6% in 2035, 
having the average of 4.9%. Changes during the period 2015-2050 are due to the use of 
different cooling systems and gas technologies. 
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Figure 67. Water consumption in gas power plants per NUTS-2 regions in 2015 
 
In 2015 the regions with the highest water consumption were DEA1 Düsseldorf (30 
million m3), DEA2 Köln (15 million m3), DE21 Oberbayern (13 million m3), UKF1 
Derbyshire and Nottinghamshire (10 million m3) and DEA5 Arnsberg (8 million m3). Table 
27, Annex III, shows that although some of the regions will see a decrease in water 
consumption, most of them are showing a stark increase. 
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Figure 68. Water consumption from gas power plants per NUTS-2 regions in 2030 
 
In 2030 the regions with the highest water consumption would be DEA1 Düsseldorf (28 
million m3), BE23 Prov. Oost-Vlaanderen (23 million m3), PL22 Śląskie and PL52 Opolskie 
(both 17 million m3) and CZ02 Střední Čechy (16 million m3). In Belgium the increased 
use of gas power plants is the result of the closure of nuclear power plants, in Poland it is 
the result of decommissioning of coal power plants, while in the case of Germany we can 
see a combination of both reasons. 
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Figure 69. Water consumption from gas power plants per NUTS-2 regions in 2050 
 
It is expected that in 2050 the highest water consumption, 54 million, m3 will occur in 
BE23 Prov. Oost-Vlaanderen, followed by 47 million m3 in DEA1 Düsseldorf, 46 million m3 
in BE33 Prov. Liège, 24 million m3 in CZ02 Střední Čechy and 23 million m3 in UKE2 
North Yorkshire. Besides thes, there would be another five regions with water 
consumption above 10 million m3 In Germany, Poland, France and Austria. 
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4.7 Biomass and waste fired power plants 
Power plants fired with biomass and waste fuels15 are based on various technologies, 
from anaerobic digestion where bio-origin gas is used in internal combustion engines to 
steam-based processes similar to power plants using solid fuels. Water consumption 
depends on technology, and on the heating and cooling technique. 
4.7.1 Water withdrawal 
Water withdrawal for running biomass and waste power plants in the EU in 2015 was 475 
million m3. Withdrawal is expected to increase at high rate until 2025, reaching 797 
million m3 and then increasing at a lower pace until 2050, reaching finally 900 million m3 
(Figure 70). 
Figure 70. Water withdrawal in biomass and waste fired power plants in the EU 
 
Water withdrawal in biomass and waste power plants is expected to increase, since 
biomass capacity is expected to grow with the decarbonisation of the energy system as a 
substitute for coal and nuclear power plants. Water withdrawal would grow 72% by 2030 
and 89% by 2050, compared to 2015 levels. During the same period, the net installed 
power in biomass and waste power plants is expected to increase from 28 GW in 2015 to 
53 GW in 2030 and 57 GW in 2050. A strong correlation between the gross power 
generation and water withdrawal is a consequence of the data availability. Due to lack of 
data on biomass and waste power plants, modelling results were used to distribute power 
generation based on potentials, assuming that biomass power plants would most 
probably use fresh water for cooling. 
                                           
15 The main data source regarding current status and future dynamics of biomass and waste fired power plants 
was the JRC-EU-TIMES model (Ruiz Castello , et al., 2015). 
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Figure 71. Water withdrawn by biomass/waste power plants by NUTS-2 regions, 2015 
 
In 2015, more than 10 million m3 of fresh water were used in 3 regions: FI1D Pohjois- ja 
Itä-Suomi (21 million m3), SE33 Övre Norrland (11 million m3) and FI19 Länsi-Suomi 
(also 11 million m3), followed by 8.8 million m3 in SE31 Norra Mellansverige and 8.2 
million m3 in FI1C Etelä-Suomi. In total, according to the distribution of biomass 
potentials and data on national use of biomass for power generation, it is expected that 
more than one million m3 could have been used in 191 regions. Table 28 of Annex III 
shows that withdrawals are expected to increase in most of the regions due to wider use 
of biomass as renewable energy source. Since the water withdrawal in 2030 is very 
similar to the one in 2050, only the analysis for 2050 is shown. 
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Figure 72. Water withdrawn by biomass/waste power plants by NUTS-2 regions, 2050 
 
By 2050 eight regions would withdraw more than 10 million m3 of fresh water. All of 
them would be located in Finland and Sweden: FI1D Pohjois- ja Itä-Suomi (32 million 
m3), FI19 Länsi-Suomi (18 million m3), FI1C Etelä-Suomi and SE31 Norra Mellansverige 
(both 15 million m3), SE33 Övre Norrland (13 million m3), SE32 Mellersta Norrland and 
SE 21 Småland med öarna (both 11 million m3) and SE12 Östra Mellansverige (10 million 
m3). In addition, water withdrawal between 1 and 10 million m3 is expected in 226 
regions. 
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4.7.2 Water consumption 
Water consumed by biomass and waste power plants in 2015 was 284 million m3. This 
amount is expected to increase to 474 million m3 by 2025 and then to 543 million m3 by 
2050. 
Figure 73. Water consumption in biomass and waste power plants in the EU 
 
Water consumption from biomass and waste power plants will increase 71% by 2030 and 
91% by 2050, compared to 2015. 
The share of water consumption to water withdrawal in biomass and waste power plants 
in the EU is relatively stable around 60%, ranging between 59.4% in 2020 and 60.3% in 
2050. Changes in this share are the consequence of different biomass and waste power 
plants technologies used in national fleets in observed period. 
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Figure 74. Water consumed by biomass/waste power plants by NUTS-2 regions, 2015 
 
The map shows that in 2015 the region with the highest water consumption was FI1D 
Pohjois- ja Itä-Suomi (13 million m3), followed by SE33 Övre Norrland (7.2 million m3), 
FI19 Länsi-Suomi (6.9 million m3), SE31 Norra Mellansverige (5.5 million m3) and FI1C 
Etelä-Suomi (5.1 million m3). Table 29 from Annex III shows that consumption from 
biomass and waste power plants is expected to increase in most of the regions as a 
consequence of wider use of biomass as renewable energy source. Since the water 
consumption in 2030 is very similar to the one in 2050, only the analysis for 2050 is 
shown. 
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Figure 75. Water consumed by biomass/waste power plants by NUTS-2 regions, 2050 
 
By 2050 it is expected that two Finnish regions will consume more than 10 million m3 of 
fresh water for biomass and waste fired power plants: FI1D Pohjois- ja Itä-Suomi (20 
million m3) and FI19 Länsi-Suomi (11 million m3), followed by FI1C Etelä-Suomi and 
SE31 Norra Mellansverige (both 9.1 million m3) and SE33 Övre Norrland (8.3 million m3). 
In total, 207 regions are expected to consume more than one million m3 of fresh water. 
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4.8 Geothermal power plants 
Water use in geothermal power plants16 depends on the technology employed, the 
temperature of the geothermal reservoir and on the type of cooling system employed. 
Dry steam and single flash technologies, which employ high temperature water and 
steam from the reservoir, may employ fresh-water only for cooling. Binary geothermal 
technology employs fresh-water for power generation. Dry steam and single-flash which 
are the most used technologies in the EU, accounting for 40 % and 42 % of the total 
respectively (Sigfússon, 2015). 
Most of the water withdrawn for geothermal power plants is actually consumed, and 
therefore in this section the term "water use" will be used. 
Water use for running geothermal power plants in 2015 was 0.8 million m3 and from 
2020 to 2050 it is expected to remain around 1.7 million m3 (Figure 76). 
Figure 76. Water use in geothermal power plants in the EU 
 
The water use is expected to remain at similar level by 2050 because of the limited 
potential for high temperature geothermal energy in Europe. In the same period the net 
installed power in geothermal power plants is expected to increase from 860 MW in 2015 
to 1.03 GW for the period from 2020 to 2040, after which it would decrease to 949 MW. 
Compared to 2015, it is expected that the water use will increase 121% by 2030 and 
117% by 2050. 
                                           
16 The main data source regarding current status and future dynamics of geothermal power plants were the 
EGES Geothermal Market Report (EGEC, 2016) and country updates of the World Geothermal Congress 
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Figure 77. Water use from geothermal power plants per NUTS-2 regions in 2015 
 
There are 11 regions in the EU where fresh water was used in 2015, and only in three 
the use was above 100000 m3: ITI1 Toscana with 361000 m3, PT20 Região Autónoma 
dos Açores with 212000 m3 and DE21 Oberbayern with 119000 m3, covering 89% of 
water use. Table 30 of Annex III shows that starting from 2020, 12 regions in the EU will 
use geothermal energy for power generation. Although there are also geothermal plants 
in regions EL41 Voreio Aigaio, EL42 Notio Aigaio and FRA1 Guadeloupe, these plants use 
seawater for operation. Geothermal power plants in the region RO11 Nord-Vest are 
connected to a district heating system. 
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Figure 78. Water use in geothermal power plants per NUTS-2 regions in 2050 
 
The expected water use will increase in 2020 in almost all of the regions with geothermal 
capacity and then remain almost unchanged until 2050. A limited decrease in water use 
is anticipated in ITI1 Toscana, 7% by 2045-2050. 
In 2050 93% of water will be used in four regions: DE21 Oberbayern (846000 m3), ITI1 
Toscana (334000 m3), PT20 Região Autónoma dos Açores (212000 m3) and DEB3 
Rheinhessen-Pfalz (194000 m3). 
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4.9 Oil refining 
Oil refining17 is a process where mixed hydrocarbons that form crude oil are separated 
into fuels suitable for end users (e.g. fuel for transport and power plants) and chemicals. 
Given the large variations among the different types of crude oils, refining processes are 
tailor-made. Water and steam are largely used in refineries for the distillation of crude 
oil, cracking of hydrocarbons, and in other processes such as washing, scrubbing, 
quenching and stripping. 
As in the case of oil production, all the water withdrawn for oil refining is consumed so 
for this reason in this section the term "water use" will be used instead of "water 
withdrawal" or "water consumption". 
In 2015 the EU refineries used 105 million m3 of water. By 2050 the water used is 
expected to decline to 88 million m3 (Figure 79). This is also an indication of the 
expected decrease in oil refining, which is expected to change from 610 Mtoe in 2015 to 
505 Mtoe in 2050 (17% reduction). 
Figure 79. Water use for oil refining in the EU 
 
The water used for oil refining will decrease 9% by 2030, and 16% by 2050 compared to 
2015. 
                                           
17 The main data source regarding oil refineries was the Worldwide Refinery Survey (Oil & Gas Journal, 2018) 
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Figure 80. Water use for oil refining per NUTS-2 regions in 2015 
 
In 2015, 49 EU regions used fresh water for oil refining, of which 36 used above one 
million m3. Only three regions used more than five million m3: PL12 Mazowieckie (8.5 
million m3), FR23 Haute-Normandie (5.5 million m3) and ITC4 Lombardia (5.1 million 
m3). Table 31, Annex III, shows that water use will decrease in all those regions by 
2030. It was assumed that current refineries will continue to operate and no new 
refineries will be built. For this reason, only the expected distribution in 2050 is shown 
(Figure 81). 
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Figure 81. Water use for oil refining per NUTS-2 regions in 2050 
 
By 2050 36 regions will use more than one million m3 for oil refining, of which only two 
regions will use more than five million m3: PL12 Mazowieckie (8.1 million m3) and FR23 
Haute-Normandie (5.9 million m3), followed by DEE0 Sachsen-Anhalt (3.4 million m3), 
AT12 Niederösterreich and FR51 Pays de la Loire (both 3.3 million m3). The decrease of 
water use for oil refining by 2050 is visible in many regions with the highest decrease in 
regions in Italy (36%). 
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5 Conclusions 
During the last years limits in the available water resources have affected the operation 
of the energy system across Europe (e.g. reducing the output of power plants). This 
study is a first attempt to quantify in detail (by sector and by NUTS-2 region) the amount 
of water currently used by the EU energy system, as well as the expected energy-related 
water demands from the energy industry up to 2050. These estimations are intended to 
be used in energy modelling analyses supporting the design of energy and environmental 
policies. To that purpose, the projected water use is based on the energy projections 
from the EU Energy Reference Scenario. 
The decision to follow the EU Energy Reference Scenario was made for two main 
reasons: 
 The scenario has been cross-checked and validated by EU member states and it is 
publically available; and 
 This scenario is not meant to be a forecast but a benchmark against which new 
policy proposals can be assessed. A different energy scenario would result in a 
different evolution of the water demand up to 2050. 
The level of uncertainty of the estimations presented in this study is therefore associated 
to the energy projections, but that is not the only source of uncertainty. Uncertainty is 
due also to i) the water withdrawal and consumption factors used for each energy 
technology, which lie within broad ranges, ii) the assumptions on energy facilities (mines, 
power plants, refineries, etc.) which are to be decommissioned, iii) the location of future 
energy facilities, and iv) the assumptions on the cooling systems to be used by the new 
energy facilities. Because of those reasons, the estimated water use could be much lower 
or much higher than the projection described in this report. This analysis is based on 
conservative assumptions that yield a plausible estimation and provide enough insights 
to propose solutions for reducing the water footprint of the EU energy sector. 
5.1 Key results: projected water used by the EU energy sector 
Table 3 presents a summary overview of the projected water use by the EU energy 
production and transformation sectors for the period 2015-2050. The estimations show 
that overall water withdrawal and consumption is expected to decrease significantly. 
Water withdrawn by the energy sector would decrease 38%, from 74 billion m3 in 2015 
to 46 billion m3 in 2050. Water consumed by the whole energy sector is also expected to 
decrease by 27%, from 3.8 billion m3 in 2015 to 2.8 billion m3 in 2050. 
Energy transformation facilities (refineries and power plants) will account for most of the 
water consumption (76%), while the remainder would be used by energy production 
facilities (mostly coal mining and onshore oil extraction). 
In the case of energy production, water withdrawal is expected to decrease by 56%, 
from 21 billion m3 in 2015 to 9 billion m3 in 2050. In the same period the water 
consumption would decrease by 62 %, from 895 million m3 in 2015 to 337 million m3 in 
2050. The key driver for these reductions is the foreseen closure of coal mines. 
Nevertheless coal is expected to account for virtually all the water withdrawal during the 
period 2015-2050, and 90% of the water consumption for energy production. The 
remaining 10% would be related to the extraction of oil. Water use for gas production 
would be negligible. 
Water withdrawals from energy transformation facilities are estimated to decrease by 
30%, from 52 billion m3 in 2015 to 37 billion m3 in 2050. Water consumption would be 
reduced by 16%, from 2.9 billion m3 in 2015 to 2.4 billion m3 in 2050. Almost all water 
withdrawn and 96% of water consumed would be used for cooling power plants, and the 
rest would be used in oil refineries. Nuclear, solid-fired, and gas power plants would 
account for almost all the water withdrawal, and 75% to 90% of water consumption, 
depending on the time period. 
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Table 3 Projected water use by the EU energy industry (million m3/year). 
 Withdrawal Consumption 
2015 2030 2050 2015 2030 2050 
Energy 73600 65000 45900 3800 3200 2800 
Energy production 21300 14400 9400 900 600 340 
Solid fuels  21300 14300 9300 800 550 300 
Oil 66 45 33 66 45 33 
Gas 0.2 2.3 3.1 0.2 2.3 3.1 
Energy transformation 52400 50700 36500 2900 2600 2400 
Oil refining 105 95 88 105 95 88 
Power generation 52300 50600 36400 2800 2500 2300 
Nuclear power plants 30600 31800 19800 1200 890 710 
Solid fired power plants 15600 11300 5000 1100 760 530 
Oil fired power plants 390 42 3.6 6.6 7 2.6 
Gas fired power plants 5200 6600 10700 200 350 550 
Biomass power plants 475 820 900 285 490 540 
Geothermal power plants 0.8 1.7 1.7 0.8 1.7 1.7 
The decarbonisation of the EU energy system and the closure of nuclear power plants, as 
projected by the EU Reference scenario, are the main two drivers for the reduction of 
water use in 2050. In order to achieve further reductions in the water use, or to 
guarantee its long-term sustainability from the point of view of water resources, 
appropriate policies should target coal mining and power generation through nuclear, 
coal, and gas power plants. it is important to notice the trade-off regarding the water 
withdrawal and consumption resulting from the choice of the cooling system, since 
technologies with high water withdrawal rates have low consumption rates, and vice 
versa. 
Heat waves can an impact in power generation at the regional scale. The most critical 
regions (both in terms of water withdrawal and consumption) are the ones with nuclear 
power plants and regions with coal mines and coal-fired power plants. During the 
summer of 2018 several nuclear power plants around Europe reduced power output or 
even shut down, as in the cases of the Fessenheim, Bugey and Saint-Alban power plants. 
These power plants are located in regions FR71 Rhône-Alpes and FR42 Alsace, both 
regions with very high water withdrawal and very low water consumption to withdrawal 
ratio (around 1%), resulting from the use of once-through cooling devices. 
France was the most critical country regarding the use of water for nuclear power 
generation in 2015, having the two regions with the highest water withdrawal (FR71 
Rhône-Alpes, 9.8 billion m3 and FR61 Aquitaine, 4.3 billion m3) and five regions with the 
highest water consumption (FR24 Centre, 209 million m3; FR71 Rhône-Alpes, 155 million 
m3; FR21 Champagne-Ardenne, 100 million m3; FR41 Lorraine, 93 million m3 and FR53 
Poitou-Charentes, 53 million m3). 
There are only three regions (DEA1 Düsseldorf, PL22 Śląskie and CZ04 Severozápad) 
with top 20 level water withdrawal and consumption due to both coal mining and power 
generation from solid fuels in 2015 (Table 4). In addition to this, there are 11 regions 
which have top 20 ranking in three out of four of these categories. 
Table 4 Regions with top 20 water withdrawal and consumption in coal mining and power plants. 
Values for 2015 in million m3 PL22 DEA1 CZ04 
(Ranking in brackets) Śląskie Düsseldorf Severozápad 
Coal mining water withdrawal 3162 (1) 1560 (4) 1473 (5) 
Coal mining water consumption 308 (1) 32 (6) 30 (7) 
Coal powerplants water withdrawal 365 (13) 803 (6) 400 (12) 
Coal powerplants water consumption 57 (4) 84 (1) 38 (11) 
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The analysis of the region DEA1 Düsseldorf shows that a reduction of water withdrawal 
by 2050 due to the change in the cooling technology may end up in significantly higher 
water consumption levels. In this particular case it was assumed that lignite power plants 
which are located next to lignite mines will keep operating while hard coal power plants 
located on river banks and using imported coal will be decommissioned. The analysis 
showed that although the water withdrawal for coal power generation would be reduced 
by 77%, the water consumption in the same region would increase by 65%. 
The shift from nuclear and coal to gas will make gas power plants critical as regards 
water demand. By 2050 it is expected that fresh water withdrawal for gas power 
generation will increase to 1.4 billion m3 in FR71 Rhône-Alpes and 915 million m3 in AT31 
Oberösterreich, closely followed by 821 million m3 in ITC4 Lombardia. The highest water 
consumption for gas power plants, 54 million m3 is expected to occur in BE23 Prov. Oost-
Vlaanderen followed by 57 million m3 in DEA1 Düsseldorf and 46 million m3 in BE33 Prov. 
Liège. 
A deeper analysis of the sensitivity of regional energy systems to low water availability is 
not possible within this research due to insufficient spatial and temporal resolution of the 
available input data. Further research based on more detailed inputs could provide better 
insights at regional level. The critical regions where deeper analysis should be made are 
listed in Table 5. 
Table 5 List of regions that should be analysed in more detail. 
Rank NUTS Name 
Dominant 
technology 
WW (2015 
withdrawal) 
WC (2015 
consumption) 
Share 
WC/WW 
1 FR71 Rhône-Alpes Nuclear power 9756 158 1.6% 
2 ES43 Extremadura Nuclear power 2631 16 0.6% 
3 FR24 Centre Nuclear power 345 210 61% 
4 DE11 Stuttgart 
Nuclear and coal 
power 
69 47 68% 
5 PL22 
Śląskie 
Coal mining and 
power 
3529 366 10% 
6 DEA1 
Düsseldorf 
Coal mining and 
power 
2914 146 5% 
7 CZ04 
Severozápad 
Coal mining and 
power 
1880 73 3.9% 
8 PL12 Mazowieckie Coal power 1573 52 3% 
9 UKF1 
Derbyshire and 
Nottinghamshire 
Coal and gas power 82 66 81% 
Besides the regions mentioned in Table 5, more thorough analyses should be undertaken 
in additional regions whenever hydrological studies indicate significant water scarcity 
resulting from non-energy uses of water. 
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5.2 Policy considerations 
The results of this study offer the opportunity to understand how the energy sector 
exploits fresh water resources across Europe, taking into account the projected evolution 
of the energy system according to the EU Energy Reference Scenario. As seen earlier, 
overall water used by the EU energy sector is expected to decrease up to 2050; however 
the impact of the energy sector will depend on the availability of fresh water resources in 
the following years, as well as on the competing demands with other sectors such as 
agriculture and public water supply. Whilst the assessment of non-energy uses of water 
is out of the scope of the current report, which will be analysed in the course of the 
WEFE-Nexus project, based on assessment and forecasts of fresh water availability in 
Europe, it is still possible to provide an indication of the impact of the EU energy sector 
on EU freshwater resources in 2015. 
The results obtained in this study indicate that the EU energy system accounts 
approximately for 42% of the total EU fresh water abstraction, a stark contranst with the 
14% share reported by the European Environment Agency (EEA) "Use of Freshwater 
resources assessment" (EEA, 2017), based on information collected by Eurostat. As 
described in Annex III, the estimations obtained in this study produced plausible results 
consistent with Eurostat statistics (when available) and allow filling the gaps of missing 
information from 2012 onwards. It should be reminded that estimates of total water 
abstraction available on Eurostat are also affected by data gaps and inconsistencies, and 
therefore it is possible that the impact of the energy sector on fresh water abstraction is 
lower than the 42% calculated with the currently available data. 
Figure 82 shows the impact of the water withdrawal of the energy sector in each EU 
member state and the EU, compared to the figure ot total water abstraction available in 
Eurostat for 2007, whilst Figure 83 shows the impact of the energy system on total 
freshwater abstraction expressed as percentage. 
Figure 82. Comparison of water withdrawal for energy against total freshwater abstraction. 
 
In 8 EU countries (BG, CZ, DE, FR, HU, PL, RO, and SI) water withdrawal for energy 
accounted for 50% of more of the total fresh water abstraction. 
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Figure 83. Ratio of water withdrawal for energy against total water abstraction18 
 
Figure 84 compares the water abstracted for public water supply (e.g. drinking water and 
other water destined for household use), the water needed for the EU energy system 
derived from this study, and the total water abstraction for agriculture as collected by 
Eurostat for 2007. In terms of agriculture, data from Eurostat show that in 2007 
abstraction of fresh water was around 41 billion m3 (consistent value for 2001-2007), 
however this is likely an underestimation of the total water abstracted for agricultural 
purposes since data for both Germany and Italy are missing. Data from public supply are 
gathered through market analysis of public water and waste water facilities for 2015. 
Figure 84. Water abstracted for public water supply, energy and agriculture in the EU19 
 
                                           
18 Blank bars refer to those countries for which no total water abstraction is provided by Eurostat for 2007. 
19 Data on public water supply were obtained from Global Water Intelligence thanks to DG GROW. Data on 
water abstraction for agriculture is provided by Eurostat for the year 2007 
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In 2015, the total EU abstraction for public water supply accounted for about 50 billion 
m3, whilst the needs of the EU energy system were of 74 billion m3, including 3.8 billion 
m3 consumed. 
Figure 85 shows the country comparison of public water supply against water withdrawal 
from the energy sector as determined in this work. Water withdrawals for energy use are 
considerably higher than public water supply in countries such as Bulgaria, France, 
Germany, Hungary and Poland. 
Figure 85. Water abstraction for public water supply and energy for EU member states20. 
 
The analysis presented in this work indicates that the water demand of the EU energy 
system plays a significant impact on the current fresh water abstraction, and is one of 
the key stressors on fresh water availability. 
Whilst the results of this study indicate that future water use from the EU energy system 
is expected to reduce thanks to decarbonisation policies, increased shared of renewables 
and decommissioning of nuclear power plants, the expected water withdrawal from 
energy system in 2050 is estimated to be 45 billion m3, which is close to the current 
demand of freshwater for public supply. 
It becomes therefore clear that a deeper assessment on current and future freshwater 
demand should be undertaken to 1) understand and avoid issues of conflicting use of 
resources, and 2) evaluate if policies promoting a more conservative approach in the use 
of water in the energy system should be developed and 3) encourage a paradigm shift in 
the management and collection of water information from the different sectors. 
The results of this study should be framed in the broader scope of the Water-Energy-
Food and Ecosystem Nexus, where the interactions and interdependencies between the 
different sectors are analysed. 
Nevertheless some key takeaways that can stimulate a dialogue on the impact of the 
energy system on freshwater resources can be summarised as follows: 
 The EU energy system water withdrawal amounted to 74 billion m3 of fresh water 
in 2015, approximately 42 % of the total EU fresh water abstraction. 
                                           
20 Data on Public water supply were obtained from Global Water Intelligence thanks to DG GROW. 
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 By 2050 the EU energy system water withdrawal is expected to decrease to 45 
billion m3, close to the current abstraction of fresh water for public supply. 
 The energy mix of each country, population and access to sea water affect 
considerably the use of water in the energy sector. Countries with limited access 
to seawater for cooling have a higher water withdrawal, and this may become a 
key factor in the future if water availability reduces. 
 The study has presented a list of regions where water use for energy is already 
critical. Assessment of water availability in future years will allow assessment of 
potential water scarcity, and facilitate the design of smart management systems 
to minimise closure of power plants and avoid droughts. 
 Technical solutions for achieving further reductions of the water used by the 
energy sector should target coal mining and electricity generation from nuclear 
and coal power plants, and should also consider the support to the research and 
development of air-based cooling technologies. 
 The major limitations found in the available data and the mismatches between 
water and energy statistics need to be addressed by significant improvements in 
the collection of water-related data. 
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Annexes 
I. Downscaling the EU Energy Reference Scenario to the NUTS-
2 level 
The EU Energy Reference Scenario projects the evolution of the energy system at 
national level in five-year steps until 2050. The energy projections have been 
disaggregated down to the NUTS-2 level in order to produce an appropriate estimation of 
the projected water used by the energy system. It is necessary to downscale the national 
energy projection to a different spatial level, since the availability of freshwater resources 
vary significantly within each of the EU member states. 
The disaggregation of the projected national figures is based on additional data for 
specific energy sub-sector: 
The production of solid fuels has been distributed according to the JRC Coal Mines 
Database (Alves Dias, et al., 2018) and, wherever needed, the information on coal 
mining, peat extraction and oil shale facilities provided in the U.S. Geological Survey's 
dataset Mineral Facilities of Europe (Almánzar, Baker, Elias, & Guzmán, 2016). The order 
of closure of coal mines up to 2050 was also based on data on expected closure from the 
JRC Coal Mines Database and the analysis of closure of coal power plants, thus 
replicating the methodology from the report "EU coal regions: opportunities and 
challenges ahead" (Alves Dias, et al., 2018) and following the projections of the EU 
Reference Scenario. In addition, for countries where the EU Reference scenario projects 
production of solid fuels, but there are no data on production facilities in other 
information sources, the JRC Power Plant Database (Kanellopoulos, Hidalgo Gonzalez, 
Medarac, & Zucker, 2017) was consulted for peat and oil shale production since these 
power plants are located close to the fuel source. And in the end, if there were still some 
small amounts of solid fuels produced in a country without any indication of production 
facilities, additional literature was consulted to identify closed coal mines where still some 
coal might be recovered in mine reclamation process. It was considered that no new 
facilities for production of solid fuels will be open until 2050. 
The production of oil includes the extraction of oil from on-shore crude oil fields and 
the recovery from oil refineries. The production of oil by each NUTS-2 region is based on 
the geographical distribution of on-shore oil fields (Rystad Energy UCube, 2018). 
Refinery gains as the oil recovery were also provided by Rystad Energy UCube, but on 
national level, and were distributed to NUTS-2 level based on the 2018 Worldwide 
Refining Survey (Oil & Gas Journal, 2018). The share of off-shore oil production was 
excluded from the analysis since it is assumed that it does not require the use of fresh 
water. 
The production of gas by each NUTS-2 region is based on the geographical distribution 
of on-shore unconventional and new conventional gas fields (Rystad Energy UCube, 
2018). The old, operating conventional gas fields and off-shore gas production were 
excluded from the analysis since it is assumed that they don't require the use of fresh 
water. 
The distribution of oil refining per NUTS-2 was based on the 2018 Worldwide Refining 
Survey (Oil & Gas Journal, 2018) with the assumption that by 2050 there will be no 
changes in the number and location of the existing refineries. The current ones are 
expected to be continuously refurbished and maintained to serve the purpose.  
The power generated in each NUTS-2 region has been estimated according to the 
installed capacities reported in the JRC Power Plants Database (JRC-PPDB) 
(Kanellopoulos, Hidalgo Gonzalez, Medarac, & Zucker, 2017). In addition to that, the 
distribution takes into account the available information on the closure of power plants 
and new projects as follows: 
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 Nuclear power plants: data for the 2000-2015 were taken from the 2016 World 
Nuclear Industry Handbook (NEI, 2016). The distribution for the period 2020-2050 
has been made according to the following rule: 
i. if the date of closure of the power plants which was available in the 2016 
World Nuclear Industry Handbook (NEI, 2016) or JRC-PPDB 
(Kanellopoulos, Hidalgo Gonzalez, Medarac, & Zucker, 2017), this date 
was followed as proposed closure date, 
ii. the net installed investment was added to regions where the closure of the old 
nuclear plants was expected. New capacities from the EU Energy Reference 
Scenario were distributed by typical block size (between 1000 and 1500 MW) 
where possible, and 
iii. the oldest power plants were assumed to be closed until the net installed 
capacity from the EU Energy Reference Scenario was met. The same method 
was applied to all the EU MS except Lithuania and Poland. For Lithuania the 
JRC PPDB provides no data on power plants in 2016, but the EU Energy 
Reference Scenario provides values for the period 2000-2005 because of the 
closure of an old nuclear power plant. For Poland, based on the communication 
with Polish authorities, the only location of the future nuclear capacities is 
close to the sea and the power plant is expected to be cooled by the sea 
water, thus being outside the scope of this analysis. 
 Solid-fuel fired power plants: the disaggregation during the period 2000-2015 is 
based on the JRC Power Plants Database (JRC-PPDB) (Kanellopoulos, Hidalgo 
Gonzalez, Medarac, & Zucker, 2017) while the distribution for the period 2020-
2050 is based on the following assumptions: 
i. if the date of closure of power plants was available in the JRC-PPDB, this date 
was followed as proposed closure date, 
ii. for closure of capacities in the period 2020-2050, the order was established by 
the efficiency and the age of power plants, 
iii. the closure of capacities in 2020 followed the share of closure of coal mines in 
2020, 
iv. the closure of capacities in 2025-2050 followed the order established by the 
efficiency and the age of power plants, 
v. net installed investment from the EU Energy Reference Scenario was added to 
regions where the coal production is expected and power plants have been 
closed in the same year or are expected to be closed in the following period. 
New capacities were distributed by typical block size (between 500 and 1100 
MW) where possible, and 
vi. power plants were assumed to be closed in the previously established order 
until the net installed capacity from the Reference scenario was met. 
Exceptions: In Latvia and Luxemburg the JRC-PPDB has no data on solid fuel 
fired power plants and the EU Energy Reference Scenario expects certain 
power generation from solid fuels. 
 Oil fired power plants: the disaggregation during the period 2000-2015 is based on 
the JRC Power Plants Database (JRC-PPDB) (Kanellopoulos, Hidalgo Gonzalez, 
Medarac, & Zucker, 2017) while the distribution for the period 2020-2050 is based 
on the following assumptions: 
i. if the date of closure of power plants was available in the JRC-PPDB, this date 
was followed as proposed closure date, 
ii. the final closure date is calculated based on 55 years lifetime for oil fired 
power plants (NREL, 2011), 
iii. old power plants are closed before this year following the adjusted net 
installed capacity from the EU Energy Reference Scenario, and 
iv. new capacities are added to regions where the old plants are closed or regions 
with oil refineries based on the 2018 Worldwide Refining Survey (Oil & Gas 
Journal, 2018). 
 Gas fired power plants are separated in two categories in the EU Energy Reference 
Scenario, the ones using natural gas and the ones using derived gasses. The JRC-
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PPDB (Kanellopoulos, Hidalgo Gonzalez, Medarac, & Zucker, 2017) does not 
differentiate these categories and for this reason the analysis is done jointly. The 
closure of gas fired power plants is being carried out in the following way: 
i. if the date of closure of power plants was available in the JRC-PPDB, this date 
was followed as proposed closure date, 
ii. the final closure date is calculated based on 55 years lifetime for gas fired 
power plants (NREL, 2011), and 
iii. old power plants are closed before this year following the adjusted net 
installed capacity from the Reference scenario. 
The installation of new gas power plants follows these rules: 
i. new gas fired power plants are installed at locations of gas fired power plants 
which were closed in the same year, 
ii. in case that after the substitution of old gas power plants with new ones, there 
are still capacities to be installed, the closure of, in the following order, 
nuclear, coal and oil power plants in the same year has been followed with 
respecting the existing gas infrastructure (ENTSO-G, 2016), 
iii. the last step was adding new capacities where gas plants will be closed in 
future. The general method is applied to all countries except in Czech Republic 
where no gas fired capacities existed in the JRC-PPDB but one of them was in 
construction in the region CZ04. For this reason, the installed capacity in 2015 
was placed in this particular region. 
 Biomass- and waste- fired power plants: since due to a typical size, the JRC-
PPDB (Kanellopoulos, Hidalgo Gonzalez, Medarac, & Zucker, 2017) contains 
only a limited number of biomass- and waste- fired power plants, the decision was 
made to distribute biomass and waste fired power plants by estimated potentials in 
future years using the JRC-EU-TIMES model and the results of the report "The JRC-
EU-TIMES model. Bioenergy potentials for EU and neighbouring countries" (Ruiz 
Castello , et al., 2015). It was considered that remote islands don't waste fresh 
water for energy, but use seawater for this purpose. 
 Distribution of power generation from geothermal power plants is based on data 
from 2016 EGES Geothermal Market Report (EGEC, 2016) and from country updates 
of the World Geothermal Congress. Cooling systems of geothermal power plants were 
identified using Google maps (Google, 2018). The method is applied to all countries 
where geothermal production is projected by the EU Energy Reference Scenario. 
Exceptions: In Czech Republic the geothermal power plants appear in 2020. Since the 
highest geothermal source temperature (72 °C) can be found in the region CZ04, the 
values from the Reference scenario were associated to this particular region. In 
Hungary geothermal power plants appear in 2020. Although currently there are no 
geothermal power plants, tenders were announced in three regions: HU10, HU32 and 
HU33 (Nádor, Kujbus, & Tóth, 2016) and the distribution was made to these 
regions. 
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II. Estimation of the water used by the energy sector 
The projected water used by the energy system is based on the combination of the EU 
Energy Reference Scenario with water withdrawal and consumption factors for the 
different processes considered throughout the report. These water factors were gathered 
from a broad literature review. 
Water requirements for the production of solid fuels 
This section provides a brief review of water withdrawal and consumption for the 
production of solid fuels (coal, oil shale and peat). 
Coal mining is a water intensive process, and water is used mainly for the suppression of 
dust and for preparation (coal washing). Water use in coal mining is dependent on 
several factors: the type of mining (surface or underground), coal's properties and mine 
location. The extraction of coal may also result in the production of water that has 
accumulated underground, and that has to be treated before disposal. Once mined, coal 
has to be treated for the removal of impurities and to increase its calorific value. This 
process is commonly called washing, and employs water and magnetite in suspension. 
Water employed for coal washing can be recycled, whilst the water employed for dust 
suppression cannot be recovered. Additional water use can be expected in some cases if 
coal is transported by a pipeline as slurry (Williams & Simmons, 2013). 
Table 6 and Table 7 present an overview of the water withdrawal and consumption 
factors employed in the study (Meldrum, 2015). 
Table 6. Water withdrawal factors for coal extraction (l/ton) 
Type Stage Average Median Low High 
Extraction Not Specified 551.63 556 99.9 999 
Extraction Surface 80.75  57.5 104 
Extraction Underground 517.88 136 84.4 1530 
Processing Washing 1585.17 201.5 75 8520 
Transport Train 8.96 7.61 2.26 17 
Fuel cycle All process 317.17 379 42.8 511 
Table 7. Water consumption factors for coal extraction (l/ton) 
Type Stage Average Median Low High 
Surface Extraction 37.46 26.7 19.7 86.3 
Underground Extraction 233.5 233.5 233.5 2091 
Train Transport 2.795 2.42 0.625 5.34 
Slurry Transport 1504 903 840 3370 
Peat is the surface organic layer of a soil, consisting of partially decomposed organic 
material, derived mostly from plants, that has accumulated under particular conditions. 
Peat can be used for different purposes; however it is mostly employed in the power 
sector especially as fuel for electricity and heat generation. Peat is normally extracted 
from the ground in the form of sods or as fine granules. Peat has a high water content 
(90%), which is partly drained during extraction and mostly removed through sun/wind 
drying (World Energy Council, 2013) The extraction of peat therefore does not require 
the withdrawal or consumption of water, which is instead generated and may result in 
increased water-treatment if the site is located in the proximity of public-drinking water 
supplies (Lindsay, Birnie, & and Clough, 2014), but this was out of the scope of this 
research. 
Shale oil is a type of unconventional oil found in sedimentary rock containing bituminous 
materials (Mielke E, 2010). The rock is heated and the exuded liquids are captured in a 
process known as retorting. Shale oil formations are found predominantly in Estonia, 
where shale oil is used for generating 83% of the electricity (Eurostat, 2018). The 
process of extracting shale oil is similar to mining, with water often being used for dust 
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control, and processing. There are limited estimates for water consumption and 
withdrawals for oil shale, often derived from similar Canadian oil-sand extractions. In the 
case of Estonia, however, water is removed from the mines (mine drying) to allow for 
excavation of the sedimentary rocks (Gavrilova, Randla, Vallner, Strandberg, & Vilu, 
2005).This process affects the water table of the nearby lakes and their water level, and 
it is allowed to flow back in the local rivers. For this study, therefore it was considered 
that the water consumption of Estonian oil shale is negligible. 
Water requirements for the production of oil 
The production of crude oil is normally separated in three categories: primary, secondary 
and tertiary oil recovery. Freshwater use for oil recovery depends on the technology 
employed, the geology of the field and the availability of freshwater in the proximity of 
the well (Williams & Simmons, 2013). 
Primary recovery exploits the natural pressure of the oil field to drive oil (in a mixture 
with water and gas) through the well. Primary oil recovery requires modest amounts of 
water, however it is very uncommon. Secondary oil recovery uses separate wells to inject 
water into the field to increase oil production, also called enhanced oil recovery (EOR). 
Tertiary oil recovery is similar to EOR where water is mixed along with other substances 
– steam, CO2, alkali, air, polymer – to extract any residual oil. Water consumption 
normally increases with the age of the wells (Schornagel, Niele, & Worrell, 2012). 
Oil extraction generates large volumes of produced water, close to seven times the 
volume of oil produced, and can be reinjected as for EOR extraction (Mielke E, 2010) 
Water consumed for crude-oil recovery is injection water and does not account for the 
“produced water” that is extracted along with the oil. The volumes of re-injected 
produced water need to be subtracted from the volumes of injection water to obtain the 
net freshwater consumption for crude-oil recovery. Oil production in water scarce areas, 
such as Saudi Arabia, requires the use of desalinated or brackish water for oil recovery. 
Improvements in recovery techniques, such as horizontal production wells, have resulted 
in a reduction of water consumption (Wu, Mintz, & Wang M and Arora, 2009). 
Table 8. Water consumption of crude oil recovery technologies 
Recovery Technology Injection water 
(l water /l oil) 
Reference 
Primary recovery 0.2 Gleick (1994) 
Secondary water flooding 8.6 (Bush, 1968) 
EOR steam injection 5.4 Gleick (1994) 
EOR CO2 injection 13 (Royce, 1984) 
EOR caustic injection 3.9 Gleick (1994) 
EOR forward combustion/air injection 1.9 Gleick (1994) 
EOR micellar polymer injection 343.1 Gleick (1994) 
The data available in the research did not contain information on recovery technology 
and for this reason, the calculation of water consumption was made using the average 
value of all recovery technologies from (5.5 l/l), excluding EOR micellar polymer injection 
as an extreme case. 
The water withdrawal for extraction of oil from oil fields is considered to be equal to 
water consumption. The water withdrawal and consumption for oil recovery from oil 
refineries was calculated based on water consumption and withdrawal in oil refining 
(Williams & Simmons, 2013). 
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Water requirements for the production of gas 
The extraction of natural gas, as in the case of crude oil, occurs by means of wells. 
However, whilst most oil wells require the use of water to facilitate the flow of oil to the 
surface, gas is naturally under pressure and, once a well begins production, gas flows 
spontaneously through the wellbore. 
Freshwater withdrawal and consumption for drilling is negligible in relation to the energy 
content of the natural gas extracted from the production wells (Mielke E, 2010); (DOE, 
2006), (Gleick, 1994), (Chan, Duda, Forbes, Rodosta, & Vagnetti, 2006). Table 9 
provides an overview of water consumption factors for drilling of gas wells. 
Freshwater withdrawal and consumption for gas processing and transportation, both of 
conventional and unconventional gas, is low (between 0 and 7 litres/GJ) and therefore 
negligible. 
Table 9. Water consumption factors for gas extraction 
Type of 
activity 
Details l/well 
Well drilling (generic) conventional gas 322138.39 
Well drilling (generic) conventional gas 442892.97 
Well drilling (generic) conventional gas 1109.13 
Well drilling (generic) conventional gas 11091.25 
Well drilling generic 246051.65 
Well drilling generic 2271246.00 
Well drilling generic horizontal 492103.30 
Well drilling generic vertical 291476.57 
The average value for of the values reported in Table 9 (509.76 m3/well) was employed 
in the study. The table is adapted from (IEA, 2012) (J Meldrum, Nettles-Anderson, & 
Heath, 2013) (Meldrum, 2015). 
Water is also required for the extraction of unconventional shale gas. In this case, 
freshwater is used predominantly for drilling and for the hydraulic fracturing of the rock 
around the well. In most cases, additives are added to the water to facilitate the release 
of gas. The amount of freshwater required for hydraulic fracturing depends largely on the 
geology of the site, regulations and freshwater availability (Mielke E, 2010).Currently, no 
extraction of shale gas is taking place in Europe, although exploratory operations are 
being evaluated. Projections indicate that by 2050 shale gas exploration may take place 
in Poland and in the UK. Freshwater withdrawal and consumption factors are presented in 
Table 10, adapted from  (Wu, Mintz, & Wang M and Arora, 2009) (Schornagel, Niele, & 
Worrell, 2012)]. 
Table 10. Water withdrawal and consumption factors for shale gas extraction 
 Type Unit Median  Min  Max  
Shale gas Withdrawal l/GJ 5 3 6 
Shale gas Consumption l/GJ 5 3 6 
Shale gas Consumption l/m3 0.22 0 3.84 
Shale gas Consumption l/MWh 41.64 0.035 719.23 
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Water requirements for oil refining 
Depending on the fuel (crude oil, coal and natural gas) and on its end use, additional 
treatments such as refining and conversion may be required. In the case of crude oil, the 
process of refining is necessary to remove impurities and create fuels for transportation 
and power plants and non-fuel products. Coal and natural gas can be converted to 
produce liquid fuels, which are not normally employed for power generation. The five 
main types of refining processes were water and steam re used are: 
 Desalting: this is the process in which salt impurities are removed from crude oil. The 
desalting unit is typically the unit that requires the largest amount of (purified) water, 
and the one that produces the high amount of waste water. Water use in the 
desalting unit is based on the density of the oil. Heavy crude oil require higher 
processing temperatures and thus higher water use. 
 Distillation: in this stage crude oil is heated and separated in different hydrocarbon 
fractions. Process steam is mainly used for the distillation process. 
 Hydro treatment: this is a process where sulphur and other impurities are removed 
from hydrocarbons. The process can be employed also for the conversion of 
unsaturated hydrocarbons to saturated hydrocarbons. Steam is required for this 
process. 
 Cracking and coking: this is a stage of refining where the heaviest products are 
further broken into smaller molecules. Process steam is necessary to aid the 
separation of the particles. 
 Reforming and rearrangement: in this process smaller molecules are combined 
together to generate gasoline and other products. Steam use is limited to processes 
requiring catalytic regeneration of the molecules. 
Detailed information on the different processes taking places refining can be found in the 
JRC report "Best Available Techniques (BAT) Reference Document for the Refining of 
Mineral Oil and Gas" (Lecomte T, et al., 2017). 
Additionally, water is also required for the following operations of a refining plant: 
 for tank and flare seal drains 
 for cleaning operations 
 for steam generation as a feedstock for boilers and CHPs 
 for cooling systems 
Whilst the refining processes are the one that generate the most amount of water that 
requires treatment, the amount of water used depends primarily on the type of refinery 
and, especially, on the cooling systems used: closed, open recirculating, or once-through 
systems. These systems are similar to those employed in thermal power plant (Williams 
& Simmons, 2013). Water quality is not a primary concern when water is used for 
cooling; however process water employed for distillation, stripping, cracking and for 
boilers and CHP plants requires purification to match industrial standards requirements. 
The choice of the cooling system is dictated by the local availability of water. Refineries 
located in the presence of unlimited water supply (e.g. coastline) often employ once-
through cooling system. In this case the water is pumped from the sea, used for cooling 
operations and then returned to the sea. In this case water withdrawal is large, but 
nearly all of it is returned to the source (International Agency Atomic Energy, 2012). In 
case of constrained water availability, closed-loop cooling systems and recirculating 
systems are employed. The implementation of recirculating systems in refineries has 
reduced radically water withdrawal. Water use is also affected by the complexity of the 
refinery, which is often represented by the Nelson Complexity Index (NCI) and it is based 
on the number of refining processes taking place in a given refinery, the total feedstock 
and the type of products generated. 
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Water consumption in refineries surveyed by the JRC's European IPPC Bureau, indicated 
that water consumption in European refineries ranges between 0.2 m3/t and 25 m3/t of 
feedstock refined (5-95 % percentile). More than 50 % of the water is used for cooling 
purposes (Lecomte T, et al., 2017) (ECOFYS, 2014). A report from CONCAWE21 (Den 
Haan, 2014), presenting aggregated data from the water use in the refining sector in 
Europe indicates a freshwater intake of 1.14 billion m3 in year 2010 19.7% of which is 
consumed (224 m3). Nevertheless most of the water employed in the EU refining sector 
comes from the sea, 3.36 billion m3 and it is mostly used for cooling purposes (96 %). 
Estimates of water withdrawal and consumption factors were provided for European 
refineries by the European IPPC Bureau under confidentiality agreement and cannot be 
disclosed. Table 11 present the ranges of water withdrawal and consumption factors 
employed in this study (ECOFYS, 2014). 
Table 11. Water withdrawal and consumption factors for oil refining 
Oil refineries Min (m3/t) Average (m3/t) Max (m3/t) 
Water withdrawal 0.2 3.8 20.0 
Water consumption 0.2 0.4 0.5 
Water requirements for power generation 
The power sector requires reliable access to large amounts of water. Water requirements 
can be divided into process water (boiler feeding) and cooling water. For water-cooled 
plants, the use of cooling water is far greater than process water, representing between 
85-95% of the water used (Williams & Simmons, 2013). The withdrawal and 
consumption of water in power plants is based on the power plant design, the fuel, and 
the thermal efficiency of the power plant; which indicates how much heat is converted to 
electricity. 
The selection of the cooling system for a power plant is based on geographical, seasonal 
and political parameters. The geographical location of a power plant is important to 
assess if sufficient water resources (fresh or saline) are available in the proximity. Water 
intake and discharge is based on seasonal effects such as ambient air and water 
temperature, with the cooling system designed to accommodate seasonal changes. 
Regulations defining for example a maximum temperature for water discharge from the 
power plant, or market adjustment (e.g. lower operations from carbon based plants) also 
affect the amount of water needed for cooling power plants (International Agency Atomic 
Energy, 2012). 
The principles for the operation of cooling systems are described by (NETL, 2010) (DOE, 
2011) (International Agency Atomic Energy, 2012) (Alhajri, Mesoudah, & and 
Alhashlamoun, 2017) (Delgado, 2012). The description of power conversion system can 
be found in (Wu, Mintz, & Wang M and Arora, 2009), (Burnard, 2011) (EYGM, 2012), 
(International Agency Atomic Energy, 2012), (IEA, 2012), (Carpenter, 2015). Cooling 
may be water- or air-based, as shown in Figure 86 (International Agency Atomic Energy, 
2012). 
                                           
21 Concawe stands for "Conservation of clean air and water in Europe" and is the Oil Companies' European 
association for environment, health and safety in refining and distribution. 
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Figure 86. Cooling system types  
 
Water-based cooling systems are divided into two classes: 
 Open loop cooling systems: these systems withdraw large quantities of water 
from the water source (usually the sea, river or large lakes or artificial reservoirs), 
which is pumped directly to the turbine condenser and then returned to the 
source. 
 Closed loop cooling systems: these systems pump water from the condenser to a 
cooling source (often a cooling tower or a cooling pond) where the heat of the 
water is transferred to ambient air and the water is returned to the condenser. In 
cooling towers the water is cascaded through the tower and put in contact with 
the air that rises through the tower (either due to natural convection or assisted 
by mechanical draft). Cooling water is collected at the bottom of the tower and 
recycled back to the condenser. The cooling towers reduce the total volume of 
water withdrawal by 95 % compared to once-through cooling systems 
(International Agency Atomic Energy, 2012). Nevertheless, some of the water is 
consumed by evaporation losses. Make-up water is needed to replace the water 
consumed through evaporation. Towers can be replaced by ponds if sufficient land 
is available. In this case water is sent to the pond, and heat is dissipated through 
radiation, convection, evaporation and conduction. Large surfaces are required in 
order to implement pond cooling systems. Evaporation depends to a large extent 
on the shape and surface area of the pond (Hogeboom, Knook, & Hoekstra, 
2018). Water withdrawal is still limited; however water consumption is higher with 
respect to cooling towers. 
In Europe water-based cooling systems are by far the most common, with closed loop 
systems with cooling tower accounting for 75 % of the total, whilst open loop (once 
through) systems account for 24 % (Kanellopoulos, Hidalgo Gonzalez, Medarac, & 
Zucker, 2017). 
As mentioned before, the amount of cooling water withdrawn and consumed by a power 
plant is mainly determined by its thermal efficiency. Higher thermal efficiency indicates 
that less heat as to be dissipated for each MWh generated by the plant. The selection of 
the conversion technologies employed, and therefore the one of the cooling system is 
influenced by the fuel employed in the power plant. Water requirements are thus 
dependent on the fuel type and the choice of cooling system, as summarised below: 
 Supercritical power plants operate at higher energy efficiencies and lower 
freshwater intensities than subcritical ones, nevertheless average freshwater 
withdrawal and consumption of a coal supercritical power plant are close to that 
of a subcritical power plant when cooling towers are employed in both systems. 
(Schornagel, Niele, & Worrell, 2012). An IGCC plant withdraws 61% less 
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freshwater and consumes 45% less freshwater than a conventional coal-fired 
power plant, assuming both plants have cooling towers. 
 Gas fired power plants are characterised by significantly lower cooling 
requirements, similar to those of IGCC. Since in many cases gas power plants are 
dual fuel, with the possibility to use oil fuels as well, due to lack of data for oil 
power plants, the same values as for gas power plants have been used. 
 Nuclear power plants employ the steam-cycle conversion technology at lower 
pressure and temperature compared to fossil-fuel based plants. Cooling 
requirements are therefore higher for nuclear power plants, due to their lower 
efficiency, but also to some small point due to specific component cooling 
requirements including the cooling of the used nuclear fuel. 
 Power plants fuelled by biomass usually employ the Ranking cycle (steam or 
organic cycle) for power conversion. Water requirements are thus in line with 
other steam-cycle based power plants (e.g. coal) except in plants based on 
anaerobic digestion technology where biogas is used in internal combustion 
engines. 
 Wind turbines do not require water withdrawals and consumption during 
operation. Negligible amounts can be employed for cleaning of the blades. 
 The water consumption for solar photovoltaic (PV) is negligible and largely 
employed for cleaning of panels. Concentrated solar power (CSP) systems 
which currently can be found mostly in south Spain, in contrast, can consume 
much more water since they are based on steam cycle. The EU Energy Reference 
Scenario considers only solar power generation, without distinguishing between 
PV and CSP, and therefore CSP has not been considered in this research. 
 Geothermal power stations use the high temperatures deep in the earth to heat 
water or another fluid to drive a turbine. Estimates for geothermal freshwater 
intensities vary substantially, because of the large variation among geothermal 
plants, and of ambiguity in water-accounting methodologies and boundaries over 
which the water flows are measured (Mielke E, 2010) (Clark, Harto, Sullivan, & & 
Wang, 2010) (Harto, Schroeder, Martino, & Horner, 2013). 
Many studies available in literature have investigated the water requirements of the 
power sector, in order to understand current and future water demand and potential 
water scarcity issues (Wu, Mintz, & Wang M and Arora, 2009) (Mielke E, 2010) 
(Macknick, Newmark, & Heath, 2011) (Macknick J. , Newmark, Heath, & Hallet, 2012) 
(Meldrum, 2015), (Macknick, Meldrum, Nettles-Anderson, & Heath, 2014), (Spang, 
Moomaw, Gallagher, & Kirshen, 2014). 
In Europe, the European IPPC Bureau collects information of water requirements from 
Large Combustion Plants (Lecomte T, et al., 2017). A further review of cooling 
requirements from EU power plant was promoted by the European Commission (ECOFYS, 
2014). The data available, which was provided under confidentiality agreement, was 
reviewed, analysed and compared with the available literature. Following this review, it 
was decided to employ for this study the water withdrawal and consumption factors 
widely employed in literature to provide a better comparison with similar studies and due 
to the requirements that single-power plant data would impose in assessing how water 
was employed in each plant. An assessment of the hydraulic system in each plant would 
have been necessary, and this was deemed both out of the scope and not relevant to the 
current study. 
Table 12 and Table 13 show the water withdrawal and consumption factors employed in 
this study, expressed in m3 of water for each MWh of energy generated, by the different 
plants. The factors are based on the review from Macnick et al (Macknick J. , Newmark, 
Heath, & Hallet, 2012). 
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Hydropower plants exploit the potential energy of water collected in dams or reservoirs 
to run hydro turbines for the production of electricity. Water is used to activate the 
turbines, which is then returned to a natural body of water (river) without being 
consumed Water is lost, in accumulation bodies (reservoirs and dams) due to 
evaporation, but not in run-of-river hydro plants. As such, the fresh-water use of 
hydropower plants has not been examined in this part of the research. 
Assumptions on future water requirements 
Regarding future water requirements and cooling systems to be used by future energy 
facilities, the main assumptions are that: 
i. When existing energy facilities are refurbished or rebuilt (e.g. adding new 
capacity, switching fuels, etc.), the cooling system in place (as well as other 
existing equipment, manpower, permits, etc.) remains in use in order to reduce 
investment needs. 
ii. When a new energy facility is built in a new location, then water requirements are 
estimated as the average of the water factors of the facilities (of the same type) 
present in the region. 
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Table 12. Water withdrawal factors for power generation technologies (m3/MWh) 
Fuel type Cooling Technology Steam Type Median Min Max 
Nuclear Tower Steam  4.17 3.03 9.84 
Nuclear Once-through Steam  167.86 94.63 227.10 
Nuclear Pond Steam  26.68 1.89 49.21 
Gas/ oil Tower Combined 
cycle 
 0.97 0.57 1.07 
Gas/ oil Tower Steam  4.55 3.60 5.53 
Gas/ oil Once-through Combined 
cycle 
 43.07 28.39 75.70 
Gas/ oil Once-through Steam  132.48 37.85 227.10 
Gas/ oil Pond Combined 
cycle 
 22.52 22.52 22.52 
Gas/ oil Dry Combined 
cycle 
 0.01 0.00 0.02 
Coal/ solids Tower Steam  3.80 1.89 4.54 
Coal/ solids Tower Steam Subcritical 2.22 1.75 2.70 
Coal/ solids Tower Steam Supercritical 2.40 2.20 2.54 
Coal/ solids Tower IGCC  1.49 1.36 2.29 
Coal/ solids Once-through Steam  137.58 75.70 189.25 
Coal/ solids Once-through Steam Subcritical 102.53 102.37 102.62 
Coal/ solids Once-through Steam Supercritical 85.50 85.36 85.58 
Coal/ solids Pond Steam  46.27 1.14 90.84 
Coal/ solids Pond Steam Subcritical 67.80 67.60 67.85 
Coal/ solids Pond Steam Supercritical 56.95 56.76 56.99 
Biopower Tower Steam  3.32 1.89 5.53 
Biopower Once-through Steam  132.48 75.70 189.25 
Biopower Pond Steam  1.70 1.14 2.27 
Geothermal Tower Flash  0.06 0.02 1.37 
Geothermal Dry Flash  0.02 0.02 0.02 
Geothermal Dry Binary  1.02 1.02 1.02 
Geothermal Dry EGS  1.91 1.10 2.73 
Geothermal Hybrid Binary  1.74 0.84 2.65 
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Table 13. Water consumption factors for power generation technologies (m3/MWh) 
Fuel type Cooling Technology Steam type Median Min Max 
Nuclear Tower Steam  2.54 2.20 3.20 
Nuclear Once-through Steam  1.02 0.38 1.51 
Nuclear Pond Steam  2.31 2.12 2.73 
Gas/ oil Tower Combined cycle  0.78 0.49 1.14 
Gas/ oil Tower Steam  3.13 2.51 4.43 
Gas/ oil Once-through Combined cycle  0.38 0.08 0.38 
Gas/ oil Once-through Steam  0.91 0.36 1.10 
Gas/ oil Pond Combined cycle  0.91 0.91 0.91 
Gas/ oil Dry Combined cycle  0.01 0.00 0.02 
Coal/ solids Tower Steam  2.60 1.82 4.16 
Coal/ solids Tower Steam Subcritical 1.81 1.49 2.51 
Coal/ solids Tower Steam Supercritical 1.87 1.68 2.25 
Coal/ solids Tower IGCC  1.44 1.20 1.66 
Coal/ solids Once-through Steam  0.95 0.38 1.20 
Coal/ solids Once-through Steam Subcritical 0.43 0.27 0.52 
Coal/ solids Once-through Steam Supercritical 0.39 0.24 0.47 
Coal/ solids Pond Steam  2.06 1.14 2.65 
Coal/ solids Pond Steam Subcritical 2.95 2.79 3.04 
Coal/ solids Pond Steam Supercritical 0.16 0.02 0.24 
PV N/A Utility scale PV  0.00 0.00 0.02 
Wind N/A Wind turbine  0.00 0.00 0.00 
Biopower Tower Steam  2.09 1.82 3.65 
Biopower Tower Biogas  0.89 0.89 0.89 
Biopower Once-through Steam  1.14 1.14 1.14 
Biopower Pond Steam  1.48 1.14 1.82 
Biopower Dry Biogas  0.13 0.13 0.13 
Geothermal Tower Flash  0.06 0.02 1.37 
Geothermal Dry Flash  0.02 0.02 0.02 
Geothermal Dry Binary  1.02 1.02 1.02 
Geothermal Dry EGS  1.91 1.10 2.73 
Geothermal Hybrid Binary  1.74 0.84 2.65 
Hydropower N/A In-stream and 
reservoir 
 17.00 5.39 68.13 
  Gas Turbine  0.00 0.00 0.00 
  Internal 
Combustion 
 0.00 0.00 0.00 
 District heating   0.00 0.00 0.00 
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III. Validation of the projections and comparison with Eurostat 
As discussed in Annex II the projected water use obtained in this study is derived 
through a combination of assumptions on the evolution of the EU energy system 
presented in the EU Energy Reference Scenario, and assumptions on water withdrawal 
and consumption factors for the different energy processes considered through a 
literature review. 
The results offer the opportunity to overcome the limitations in the data collected by 
Eurostat, discussed in section 1, affecting primarily the estimates of water abstraction for 
electricity generation, and in some cases those related to total water abstraction (TWA). 
For example since 2012, information on total water abstraction (TWA) and Water 
Abstraction for Electricity generation (WAE) is missing from countries such has Austria, 
France, Germany, Italy and Portugal. 
Data validation  
In order to understand and validate the results of this work, the data on water 
withdrawal generated by this study (WW_JRC) were compared with the data on water 
abstraction for electricity generation (WAE) available in the Eurostat Water Statistic 
database for the period 1970-2015. In order to overcome the limitations of Eurostat 
data, the average value of WAE for the period 1970-2015 was determined, along with a 
range of the WAE values collected for the same time period. The result of this 
comparison is shown in Figure 87. Results from this study are marked in red 
(WW_JRC_2015), WAE (light blue) is calculated as the average for the period 1970-2015. 
The empty blue bars indicate the range of water abstraction (minimum and maximum 
value) as reported in Eurostat 
Figure 87. Comparison of Eurostat data and JRC estimations of the water withdrawals for energy  
 
From Figure 87, it is possible to notice that the estimations developed by the JRC fall 
within the reported range for many countries, providing thus an accurate approximation 
of the water withdrawal from the EU energy sector. The total water withdrawal estimated 
by the JRC for 2015 is of 74 billion m3 of water, which is in line with Eurostat data for 
2001 (79 billion m3), 2004 (75.6 billion m3), 2007(75 billion m3) and 2010 (69 billion 
m3), years when both Germany and France provided input to Eurostat. It shall be noted 
 118 
that changes in the energy system in the period 1970-2015, as well as climate conditions 
played a role in the variation of the amount of water abstracted for electricity production. 
In particular, changes in the energy systems since 2012 are not accounted for in 
Eurostat, due to lack of data. Figure 87 also shows some divergences between the JRC 
estimations and the historical information available on Eurostat. Further analysis allowed 
to understand the reason behind these misalignments, as follows: 
 Austria (AT) – Eurostat data provide information on water abstraction for 
electricity production for the years 1980-2002; with no data available since 2002. 
 Belgium (BE) – A deeper assessment the Eurostat data available for Belgium 
shows no differentiation between fresh water and brackish-water abstraction. 
Nevertheless this distinction is possible in the study, and the data reported by the 
JRC addresses fresh water abstraction only. 
 Germany (DE) – The latest data available for Germany in Eurostat are from 2010. 
Since then Germany has decommissioned 50% of his nuclear power plants, 
resulting in lower water abstraction in 2015 compared to previous years. 
 Spain (ES) – The lower water withdrawal estimated by the JRC is related to the 
decommissioning of coal power plants. 
 Italy (IT) – Italy only reported information relatated to water abstraction for 
electricity production to Eurostat in 1980, when nuclear power plants were still 
active in Italy. Nevertheless the lack of further data on Eurostat does not allow for 
further validation. 
 Lithuania (LT) – The lower water withdrawal estimated by the JRC is related to the 
decommissioning of a nuclear power plant. 
 Netherlands (NL) - A deeper assessment the Eurostat data available for the 
Netherlands shows no differentiation between fresh water and brackish-water 
abstraction. Nevertheless this distinction is possible in the study, and the data 
reported by the JRC addresses fresh water abstraction only. 
 Portugal (PT) – The latest data available in Eurostat dates from 2009. Since then 
major changes have taken place in the Ribatejo power plant where an old unit 
with once through cooling system has been replaced by three new CCGT plants 
employing natural drought towers, reducing significantly water needs. 
The comparison with Eurostat data and the further analysis allows to conclude that the 
results from this study offer a robust estimation of the projected water use from the EU 
energy sector, and the methodology presented in this work could help assess water 
needs from the energy sector for future energy scenarios. The methodology could also be 
used to reconstruct historical time series. 
Impact on freshwater resources  
An important application of the results obtained in this study is the assessment of the 
impact of the energy sector on fresh water resources. Information on total water 
abstraction is available through Eurostat, although it presents significant limitations 
similar to the ones reported for water abstraction. The impact of the energy sector on 
European fresh water is shown in Figure 88 (left side, showing the comparison of the 
data calculated by the JRC against the total water abstraction available for 2007 in 
Eurostat). It can be seen that in some cases the freshwater withdrawn for electricity 
cooling accounts for a significant share of the total fresh water abstraction, as in the case 
of BG, CZ, DE, FR, HU, PL, RO and SI. In order to ensure more consistency in the 
analysis, the total water abstraction was corrected by considering the water withdrawal 
determined by the JRC instead of the values of WAE reported in Eurostat. The corrected 
TWA is presented on the right side of Figure 88 (right side: comparison of the data 
calculated by the JRC against the corrected total water abstraction accounting for the JRC 
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estimate). The impact of the EU energy sector expressed as a ratio of total freshwater 
abstraction is shown in Figure 89. 
Figure 88. Comparison of water withdrawal for energy against total water abstraction 
 
Figure 89 shows that the impact of the EU energy system accounts for 43 % of the total 
EU fresh water abstraction. The green bar presents the ratio of WAE/TWA as collected by 
Eurostat for 2007, the blue bar the ratio between JRC data (WW_JRC_2015) and TWA for 
2007, the pink bar the corrected ratio. Blank bars refer to those countries for which no 
TWA is provided in Eurostat for 2007. At country level this ratio varies between 5 %, in 
countries located by the sea or with a high share of renewables, to as much as 80 % in 
land locked countries. The corrected TWA allows accounting for the projected water 
withdrawals as discussed earlier and will be employed in the discussion of the results. 
The impact of the energy system at country level is also dependent on other activities 
such as agriculture and water supply. 
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Figure 89. Ratio of water withdrawal for energy against total water abstraction. 
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IV. Evolution of the top-20 regions 
Table 14. Top-20 regions by water withdrawal (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 FR71 Rhône-Alpes 9756 8193 9120 9654 9831 7364 6485 4503 
2 FR61 Aquitaine 4310 3989 4084 4248 4325 3820 3904 2914 
3 PL22 Śląskie 3529 3371 2426 2386 1741 1377 1240 1129 
4 DEA2 Köln 2959 2315 2248 1634 1899 1994 1529 2216 
5 DEA1 Düsseldorf 2914 2385 2375 2227 2354 2665 2194 2345 
6 ES43 Extremadura 2631 2631 2622 2612 2612 2 2 2 
7 BG31 Severozapaden 2629 2573 2573 2573 2573 2573 3383 3383 
8 HU23 Dél-Dunántúl 2534 2523 4149 5773 4529 4759 4760 4760 
9 BG34 Yugoiztochen 2109 2200 1616 1463 1487 1428 870 1231 
10 RO22 Sud-Est 2085 2034 4009 3973 3967 3940 3943 3944 
11 FR42 Alsace 2085 1050 1023 1064 1083 314 286 166 
12 DEF0 Schleswig-Holstein 1982 1007 356 290 270 271 246 205 
13 CZ04 Severozápad 1880 1824 1700 1510 1025 568 439 698 
14 EL53 Dytiki Makedonia 1628 1475 1130 606 640 684 133 8 
15 PL12 Mazowieckie 1573 1325 1636 1608 1042 717 648 614 
16 DE40 Brandenburg 1540 1417 1385 1434 599 14 16 8 
17 PL11 Łódzkie 1451 1415 1614 1166 1300 59 66 59 
18 DE60 Hamburg 1253 1279 1299 1281 1416 865 826 771 
19 DED2 Dresden 1242 1140 1111 1149 1358 1495 1167 1699 
20 RO41 Sud-Vest Oltenia 1217 1227 939 526 327 287 232 521 
Table 15. Top-20 regions by water consumption (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 PL22 Śląskie 366 356 276 281 217 178 165 151 
2 FR24 Centre 210 181 166 141 146 124 114 106 
3 FR71 Rhône-Alpes 158 144 129 136 139 95 82 56 
4 DEA1 Düsseldorf 146 127 129 122 119 135 116 219 
5 DEA2 Köln 132 119 113 97 78 83 70 70 
6 FR41 Lorraine 104 97 92 73 76 84 96 82 
7 FR21 Champagne-Ardenne 101 94 92 98 102 108 111 97 
8 PL11 Łódzkie 88 91 95 91 88 44 50 44 
9 DE40 Brandenburg 85 86 88 90 43 10 11 5 
10 EL53 Dytiki Makedonia 74 66 55 32 34 31 11 6 
11 CZ04 Severozápad 73 64 67 64 50 33 27 45 
12 
UKF1 
Derbyshire and 
Nottinghamshire 66 32 21 18 19 23 20 19 
13 DEA5 Arnsberg 61 54 49 48 48 51 63 84 
14 SK02 Západné Slovensko 57 69 71 83 85 89 69 79 
15 DEA3 Münster 56 50 40 22 3 4 4 4 
16 RO41 Sud-Vest Oltenia 55 49 37 23 16 14 12 26 
17 DED2 Dresden 54 54 54 54 63 53 60 70 
18 FR53 Poitou-Charentes 54 51 50 52 53 55 56 60 
19 DE27 Schwaben 53 16 19 15 14 14 13 11 
20 PL12 Mazowieckie 52 50 52 55 32 17 16 16 
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Table 16. Top-20 regions by water withdrawal for production of coal (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 PL22 Śląskie 3162 3065 2201 2159 1541 1193 1075 973 
2 DEA2 Köln 2674 2147 2090 1467 1736 1939 1479 2185 
3 EL53 Dytiki Makedonia 1575 1429 1089 581 613 662 121 0 
4 DEA1 Düsseldorf 1560 1424 1386 1055 1248 1395 1064 1572 
5 CZ04 Severozápad 1473 1432 1475 1360 903 486 385 569 
6 DE40 Brandenburg 1471 1343 1307 1355 558 0 0 0 
7 PL11 Łódzkie 1376 1334 1534 1076 1217 0 0 0 
8 DED2 Dresden 1203 1099 1069 1108 1312 1465 1118 1651 
9 RO41 Sud-Vest Oltenia 1179 1196 917 510 315 276 223 501 
10 BG34 Yugoiztochen 956 1095 937 935 891 923 567 789 
11 PL41 Wielkopolskie 448 434 499 350 250 289 260 262 
12 DED5 Leipzig 446 407 396 411 287 321 245 361 
13 DEE0 Sachsen-Anhalt 415 378 368 0 0 0 0 0 
14 CZ08 Moravskoslezsko 391 452 465 456 409 220 122 180 
15 DEA3 Münster 364 333 272 191 0 0 0 0 
16 EL65 Peloponnisos 337 150 194 240 253 0 0 0 
17 HU31 Észak-Magyarország 277 205 99 95 1 1 1 1 
18 PL51 Dolnośląskie 239 248 285 280 200 231 0 0 
19 PL31 Lubelskie 233 0 0 0 0 0 0 0 
20 SI03 Vzhodna Slovenija 220 242 228 233 215 83 7 2 
Table 17. Top-20 regions by water consumption for production of coal (in million m3) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 PL22 Śląskie 308 298 214 210 150 116 105 95 
2 DEA2 Köln 54 43 42 30 35 39 30 44 
3 CZ08 Moravskoslezsko 38 44 45 44 40 21 12 17 
4 DEA3 Münster 35 32 26 19 0 0 0 0 
5 EL53 Dytiki Makedonia 32 29 22 12 12 13 2 0 
6 DEA1 Düsseldorf 32 29 28 21 25 28 21 32 
7 CZ04 Severozápad 30 29 30 27 18 10 8 12 
8 DE40 Brandenburg 30 27 26 27 11 0 0 0 
9 PL11 Łódzkie 28 27 31 22 25 0 0 0 
10 DED2 Dresden 24 22 22 22 27 30 23 33 
11 RO41 Sud-Vest Oltenia 24 24 19 10 6 6 5 10 
12 PL31 Lubelskie 23 0 0 0 0 0 0 0 
13 SI03 Vzhodna Slovenija 21 24 22 23 21 8 1 0 
14 BG34 Yugoiztochen 20 23 20 20 19 20 12 17 
15 PL21 Małopolskie 18 19 22 21 24 19 17 17 
16 ES41 Castilla y León 14 13 7 4 2 2 1 1 
17 SK02 Západné Slovensko 13 12 10 6 5 6 5 10 
18 ES12 Principado de Asturias 11 11 5 0 0 0 0 0 
19 PL41 Wielkopolskie 9 9 10 7 5 6 5 5 
20 DED5 Leipzig 9 8 8 8 6 6 5 7 
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Table 18. Top-20 regions by water use for oil production (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 ITF5 Basilicata 15.3 18.1 19.3 16.7 8.3 8.0 4.4 2.0 
2 UKK2 Dorset and Somerset 5.6 2.7 1.5 0.7 0.4 0.3 0.1 0.0 
3 RO11 Nord-Vest 4.7 3.5 1.7 1.1 2.2 3.0 3.5 3.3 
4 PL43 Lubuskie 4.5 3.5 2.7 1.6 1.0 0.4 0.2 0.1 
5 EE00 Eesti 4.2 4.0 4.0 3.9 3.8 3.7 3.6 3.5 
6 RO31 Sud - Muntenia 4.0 4.0 8.4 4.7 2.4 1.6 0.9 0.7 
7 AT12 Niederösterreich 3.9 2.4 0.9 0.2 0.1 0.0 0.0 0.0 
8 ITG1 Sicilia 3.6 1.8 1.3 1.0 1.1 2.0 1.6 1.7 
9 RO41 Sud-Vest Oltenia 2.7 1.3 0.6 0.5 0.5 0.5 0.3 0.3 
10 HU33 Dél-Alföld 2.4 1.0 0.5 0.4 0.0 0.0 0.0 0.0 
11 HR04 Kontinentalna Hrvatska 2.1 1.9 1.4 1.0 1.6 1.4 1.4 1.0 
12 RO21 Nord-Est 1.5 1.0 1.4 1.0 0.6 0.5 0.3 0.3 
13 RO22 Sud-Est 1.3 3.2 2.1 1.0 3.5 7.2 10.6 11.3 
14 HU10 Közép-Magyarország 1.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 
15 FR10 Île de France 0.9 0.8 0.4 0.2 0.3 0.1 0.0 0.0 
16 SK02 Západné Slovensko 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 
17 FR61 Aquitaine 0.7 0.4 0.4 0.2 0.1 0.0 0.0 0.0 
18 NL13 Drenthe 0.6 1.2 0.7 0.6 0.3 0.2 0.1 0.1 
19 RO42 Vest 0.6 0.4 0.6 1.0 1.0 0.9 0.4 0.3 
20 CZ06 Jihovýchod 0.4 0.2 0.1 0.3 0.0 0.0 0.0 0.0 
Table 19. Top-20 regions by water use for gas production (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 DEE0 Sachsen-Anhalt 0.096 0.016 0.022 0.021 0.014 0.007 0.008 0.004 
2 PL41 Wielkopolskie 0.046 0.069 0.519 1.115 1.270 1.074 0.683 0.479 
3 PL22 Śląskie 0.045 0.116 0.096 0.117 0.106 0.065 0.139 0.266 
4 NL13 Drenthe 0.010 0.009 0.007 0.003 0.003 0.001 0.001 0.000 
5 DE94 Weser-Ems 0.003 0.002 0.024 0.051 0.080 0.045 0.031 0.014 
6 PL52 Opolskie 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
7 PL63 Pomorskie 0.000 0.015 0.012 0.022 0.073 0.184 0.307 0.341 
8 PL62 Warmińsko-mazurskie 0.000 0.000 0.007 0.014 0.053 0.120 0.178 0.180 
9 UKD6 Cheshire 0.000 0.000 0.012 0.027 0.040 0.043 0.034 0.013 
10 PL21 Małopolskie 0.000 0.000 0.001 0.005 0.010 0.009 0.005 0.004 
11 UKD4 Lancashire 0.000 0.000 0.083 0.233 0.313 0.346 0.330 0.121 
12 UKF1 
Derbyshire and 
Nottinghamshire 
0.000 0.003 0.017 0.073 0.067 0.072 0.068 0.026 
13 UKE1 
East Yorkshire and 
Northern Lincolnshire 
0.000 0.000 0.026 0.055 0.057 0.052 0.044 0.016 
14 PL31 Lubelskie 0.000 0.001 0.013 0.039 0.153 0.401 0.668 0.723 
15 UKL2 East Wales 0.000 0.001 0.026 0.035 0.038 0.041 0.032 0.011 
16 DE92 Hannover 0.000 0.000 0.013 0.034 0.054 0.031 0.021 0.009 
17 UKJ4 Kent 0.000 0.000 0.016 0.033 0.096 0.114 0.122 0.059 
18 UKJ2 
Surrey, East and West 
Sussex 
0.000 0.000 0.006 0.028 0.034 0.036 0.030 0.013 
19 DE93 Lüneburg 0.000 0.000 0.004 0.027 0.024 0.017 0.013 0.006 
20 UKF3 Lincolnshire 0.000 0.000 0.008 0.025 0.025 0.025 0.022 0.008 
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Table 20. Top-20 regions by water withdrawal for nuclear power (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 FR71 Rhône-Alpes 9753 8190 9115 9649 9826 5961 4923 3112 
2 FR61 Aquitaine 4307 3986 4079 4244 4321 3506 3618 2574 
3 ES43 Extremadura 2630 2630 2621 2610 2610 0 0 0 
4 BG31 Severozapaden 2629 2573 2573 2573 2573 2573 3382 3382 
5 HU23 Dél-Dunántúl 2533 2522 4147 5772 4528 4758 4758 4758 
6 FR42 Alsace 2083 1048 1020 1061 1080 0 0 0 
7 RO22 Sud-Est 1996 2001 3994 3963 3963 3931 3931 3931 
8 DEF0 Schleswig-Holstein 1898 1003 0 0 0 0 0 0 
9 SI03 Vzhodna Slovenija 513 533 549 549 549 549 887 887 
10 FR24 Centre 343 295 269 228 236 168 143 144 
11 DE12 Karlsruhe 297 0 0 0 0 0 0 0 
12 ES51 Cataluña 287 287 202 205 205 138 0 0 
13 BE33 Prov. Liège 280 350 41 0 0 0 0 0 
14 FR21 Champagne-Ardenne 164 152 148 158 164 174 180 144 
15 FR41 Lorraine 153 142 138 111 118 127 131 124 
16 FR53 Poitou-Charentes 88 81 79 82 84 87 90 96 
17 DE27 Schwaben 86 23 0 0 0 0 0 0 
18 FR62 Midi-Pyrénées 77 71 69 72 40 44 45 48 
19 SK02 Západné Slovensko 61 85 92 122 128 133 102 102 
20 CZ06 Jihovýchod 58 58 57 57 96 98 124 120 
Table 21. Top-20 regions by water consumption for nuclear power (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 FR24 Centre 209 180 164 139 144 102 87 88 
2 FR71 Rhône-Alpes 155 141 126 133 135 82 68 43 
3 FR21 Champagne-Ardenne 100 93 90 96 100 106 109 88 
4 FR41 Lorraine 93 86 84 68 72 78 80 76 
5 FR53 Poitou-Charentes 53 49 48 50 51 53 55 58 
6 DE27 Schwaben 52 14 0 0 0 0 0 0 
7 FR62 Midi-Pyrénées 47 43 42 44 25 27 27 29 
8 SK02 Západné Slovensko 37 52 56 75 78 81 62 62 
9 CZ06 Jihovýchod 35 35 35 34 58 60 76 73 
10 CZ03 Jihozápad 35 35 35 36 37 61 63 65 
11 BE33 Prov. Liège 34 43 6 0 0 0 0 0 
12 DE22 Niederbayern 29 15 0 0 0 0 0 0 
13 DE92 Hannover 28 15 0 0 0 0 0 0 
14 DE11 Stuttgart 27 14 0 0 0 0 0 0 
15 DE94 Weser-Ems 27 14 0 0 0 0 0 0 
16 FR61 Aquitaine 26 24 25 26 26 21 22 16 
17 DE26 Unterfranken 26 0 0 0 0 0 0 0 
18 DE12 Karlsruhe 26 0 0 0 0 0 0 0 
19 ES51 Cataluña 25 25 17 18 18 12 0 0 
20 ES52 Comunidad Valenciana 22 22 22 22 22 0 0 0 
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Table 22. Top-20 regions by water withdrawal for solid-fuel power plants (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 PL12 Mazowieckie 1562 1314 1205 1242 689 0 0 0 
2 DE60 Hamburg 1194 1239 1255 1245 1296 744 623 602 
3 EE00 Eesti 1177 1241 1238 946 673 672 456 235 
4 BG34 Yugoiztochen 1151 1103 678 527 594 502 301 439 
5 PL33 Świętokrzyskie 808 992 1021 1130 631 634 768 668 
6 DEA1 Düsseldorf 803 803 814 822 629 625 462 184 
17 PL41 Wielkopolskie 740 996 742 789 750 513 621 540 
8 PL42 Zachodniopomorskie 723 938 1056 1099 1028 634 0 0 
9 ES41 Castilla y León 564 701 226 63 18 16 1 2 
10 DE50 Bremen 470 488 494 300 247 246 206 602 
11 BE22 Prov. Limburg (BE) 408 0 0 0 0 0 0 0 
12 CZ04 Severozápad 400 388 218 144 112 73 42 120 
13 PL22 Śląskie 365 305 209 200 174 158 131 127 
14 DE12 Karlsruhe 357 371 375 372 428 425 932 900 
15 NL22 Gelderland 297 0 0 0 0 0 0 0 
16 CZ02 Střední Čechy 297 277 338 290 178 0 0 0 
17 AT12 Niederösterreich 292 521 361 358 9 10 4 4 
18 NL32 Noord-Holland 266 288 279 249 292 297 144 36 
19 RO42 Vest 255 264 192 134 0 0 0 0 
20 DE21 Oberbayern 251 260 264 261 300 8 7 20 
Table 23. Top-20 regions by water consumption for solid-fuel power plants (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 DEA1 Düsseldorf 84 84 85 71 54 54 40 139 
2 DEA2 Köln 60 62 55 48 14 14 12 0 
3 PL11 Łódzkie 59 63 63 60 50 31 38 33 
4 PL22 Śląskie 57 57 51 52 49 45 37 36 
5 
UKF1 
Derbyshire and 
Nottinghamshire 55 20 8 7 7 6 6 6 
6 DEA5 Arnsberg 52 47 41 39 33 36 49 72 
7 DE40 Brandenburg 51 53 54 54 22 0 0 0 
8 UKE2 North Yorkshire 44 4 0 0 0 0 0 0 
9 EL53 Dytiki Makedonia 42 37 33 20 22 17 3 0 
10 PL12 Mazowieckie 42 39 39 41 19 0 0 0 
11 CZ04 Severozápad 38 31 31 31 24 16 9 26 
12 ES41 Castilla y León 31 39 12 3 1 1 0 0 
13 DED2 Dresden 29 30 31 30 35 21 36 35 
14 RO41 Sud-Vest Oltenia 28 24 17 12 9 8 7 15 
15 DEC0 Saarland 24 25 25 21 10 13 11 11 
16 DED5 Leipzig 21 22 22 22 25 25 21 20 
17 ES11 Galicia 19 22 15 8 2 2 0 0 
18 DE11 Stuttgart 19 18 18 18 21 22 5 5 
19 DE91 Braunschweig 17 13 13 13 15 15 8 11 
20 DEA3 Münster 17 13 9 0 0 0 0 0 
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Table 24. Top-20 regions by water withdrawal for oil power plants (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 UKJ4 Kent 179.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2 RO22 Sud-Est 82.8 24.8 9.2 8.7 0.0 0.0 0.0 0.0 
3 DE21 Oberbayern 64.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 FR51 Pays de la Loire 18.0 0.0 1.5 1.8 2.5 1.6 0.5 0.1 
5 FR81 Languedoc-Roussillon 18.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 FR10 Île de France 17.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 LT00 Lietuva 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 ES21 País Vasco 0.8 0.1 0.3 0.3 0.2 0.5 0.5 0.2 
9 DE40 Brandenburg 0.6 1.5 3.8 7.1 8.2 8.0 10.4 1.8 
10 ES51 Cataluña 0.6 0.1 0.2 0.2 0.2 0.4 0.4 0.2 
11 ES42 Castilla-La Mancha 0.5 0.1 0.2 0.2 0.2 0.3 0.3 0.2 
12 PT18 Alentejo 0.5 1.3 1.0 0.9 0.7 0.4 0.4 0.3 
13 ES52 Comunidad Valenciana 0.4 0.0 0.1 0.1 0.1 0.2 0.3 0.1 
14 ES62 Región de Murcia 0.4 0.0 0.1 0.1 0.1 0.2 0.3 0.1 
15 ES61 Andalucía 0.4 0.0 0.1 0.1 0.1 0.2 0.3 0.1 
16 AT22 Steiermark 0.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 
17 ITG2 Sardegna 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
18 CZ04 Severozápad 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
19 CZ05 Severovýchod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20 HR04 Kontinentalna Hrvatska 0.0 3.1 17.3 17.6 0.0 0.0 0.0 0.0 
Table 25. Top-20 regions by water consumption for oil power plants (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 UKJ4 Kent 1.24 0.00 0.01 0.01 0.01 0.00 0.00 0.00 
2 ES21 País Vasco 0.66 0.07 0.23 0.21 0.20 0.42 0.43 0.20 
3 RO22 Sud-Est 0.57 0.17 0.06 0.06 0.00 0.00 0.00 0.00 
4 ES51 Cataluña 0.50 0.06 0.17 0.16 0.15 0.32 0.33 0.15 
5 DE40 Brandenburg 0.44 1.01 2.58 4.87 5.67 5.47 7.15 1.26 
6 DE21 Oberbayern 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 ES42 Castilla-La Mancha 0.43 0.05 0.15 0.14 0.13 0.27 0.28 0.13 
8 PT18 Alentejo 0.42 1.07 0.79 0.70 0.57 0.30 0.34 0.26 
9 ES52 Comunidad Valenciana 0.31 0.03 0.11 0.10 0.09 0.20 0.20 0.09 
10 ES62 Región de Murcia 0.31 0.03 0.11 0.10 0.09 0.20 0.20 0.09 
11 ES61 Andalucía 0.31 0.03 0.11 0.10 0.09 0.20 0.20 0.09 
12 LT00 Lietuva 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 AT22 Steiermark 0.17 0.18 0.00 0.00 0.00 0.00 0.00 0.00 
14 FR51 Pays de la Loire 0.12 0.00 0.01 0.01 0.02 0.01 0.00 0.00 
15 FR81 Languedoc-Roussillon 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
16 ITG2 Sardegna 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
17 FR10 Île de France 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 CZ04 Severozápad 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
19 CZ05 Severovýchod 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 PL12 Mazowieckie 0.01 0.00 0.28 0.28 0.26 0.17 0.16 0.17 
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Table 26. Top-20 regions by water withdrawal for gas power plants (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 ITC4 Lombardia 808 899 782 789 605 899 829 821 
2 DEA1 Düsseldorf 549 155 172 348 474 643 666 587 
3 NL32 Noord-Holland 474 440 629 678 327 495 604 562 
4 DE21 Oberbayern 304 195 217 177 108 11 12 10 
5 DEB3 Rheinhessen-Pfalz 299 152 169 137 128 198 179 149 
6 DE30 Berlin 232 121 134 249 404 418 379 314 
7 ITH5 Emilia-Romagna 228 253 220 231 105 12 78 78 
8 BG42 Yuzhen tsentralen 221 68 262 235 307 360 259 189 
9 NL23 Flevoland 206 192 214 189 203 196 211 196 
10 BE32 Prov. Hainaut 166 170 271 528 728 746 721 680 
11 AT13 Wien 166 302 281 308 365 306 315 296 
12 DEA5 Arnsberg 157 101 8 10 16 16 15 12 
13 DE12 Karlsruhe 135 87 96 78 73 87 79 65 
14 NL31 Utrecht 132 123 212 213 174 168 317 295 
15 ITC1 Piemonte 118 139 121 126 126 165 0 0 
16 PT11 Norte 106 96 159 82 37 95 148 65 
17 AT31 Oberösterreich 90 163 152 160 281 313 1093 915 
18 
UKI5 
Outer London - East 
and North East 87 0 0 0 0 0 0 0 
19 LT00 Lietuva 85 130 208 135 74 80 79 79 
20 HU10 Közép-Magyarország 81 213 114 38 98 200 255 244 
Table 27. Top-20 regions by water consumption for gas power plants (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 DEA1 Düsseldorf 29.7 12.4 13.8 27.9 38.0 51.5 53.3 47.0 
2 DEA2 Köln 14.5 9.3 10.3 15.1 24.8 26.3 24.2 21.4 
3 DE21 Oberbayern 13.2 8.5 9.4 7.7 6.8 9.1 10.0 8.3 
4 
UKF1 
Derbyshire and 
Nottinghamshire 10.2 9.2 10.2 8.0 9.1 13.7 11.1 9.6 
5 DEA5 Arnsberg 7.9 5.1 6.2 8.1 12.8 12.9 12.0 9.9 
6 DE94 Weser-Ems 7.5 4.8 5.4 6.7 8.5 8.5 13.0 0.1 
7 ITC4 Lombardia 7.4 8.2 7.2 7.2 6.2 8.8 8.1 8.0 
8 BE23 Prov. Oost-Vlaanderen 7.0 7.1 11.3 23.0 41.3 58.5 57.5 54.2 
9 FR41 Lorraine 6.1 6.1 6.3 3.7 2.0 4.9 13.9 4.5 
10 PT16 Centro (PT) 5.5 5.0 5.6 2.7 3.4 1.4 1.2 0.2 
11 
UKJ1 
Berkshire, 
Buckinghamshire and 
Oxfordshire 4.4 3.9 4.0 3.2 3.6 3.7 4.0 3.5 
12 LT00 Lietuva 3.8 6.2 9.9 2.3 2.7 3.2 3.2 3.2 
13 NL32 Noord-Holland 3.7 3.5 4.9 5.3 2.9 4.4 5.3 5.0 
14 
UKI5 
Outer London - East 
and North East 3.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
15 ITH5 Emilia-Romagna 3.5 3.9 3.4 3.6 0.9 0.1 0.7 0.7 
16 CZ04 Severozápad 3.4 2.0 4.4 3.3 5.5 5.2 7.3 5.3 
17 BG41 Yugozapaden 3.2 7.4 7.6 7.3 8.8 5.5 7.8 6.4 
18 RO22 Sud-Est 2.9 2.9 1.5 0.0 0.0 0.0 0.0 0.0 
19 DE25 Mittelfranken 2.8 1.8 2.0 1.6 1.6 1.6 1.4 1.2 
20 NL33 Zuid-Holland 2.7 2.5 2.8 2.9 3.4 0.0 0.1 0.1 
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Table 28. Top-20 regions by water withdrawal for biomass/waste power plants (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 FI1D Pohjois- ja Itä-Suomi 20.5 19.6 22.6 28.2 29.3 32.0 31.6 31.9 
2 SE33 Övre Norrland 11.4 11.4 10.0 12.2 12.5 11.9 13.3 13.2 
3 FI19 Länsi-Suomi 11.0 11.0 12.8 16.2 16.5 17.7 17.7 17.9 
4 SE31 Norra Mellansverige 8.8 10.3 9.2 11.3 12.0 11.9 13.9 14.5 
5 FI1C Etelä-Suomi 8.2 8.3 9.9 12.8 13.3 14.5 14.4 14.6 
6 SE32 Mellersta Norrland 7.5 8.8 7.9 9.8 10.2 9.8 11.0 11.1 
7 ITC1 Piemonte 5.9 6.7 7.2 7.4 8.1 7.7 7.1 7.4 
8 UKM6 Highlands and Islands 5.6 9.8 11.3 12.3 12.5 11.7 8.6 8.8 
9 SE12 Östra Mellansverige 5.4 6.6 6.1 7.8 8.4 8.4 9.7 10.1 
10 SE21 Småland med öarna 5.3 6.7 6.4 8.4 9.0 9.1 10.4 10.7 
11 ITC4 Lombardia 5.2 6.0 6.5 6.7 7.4 7.1 6.5 6.7 
12 SE23 Västsverige 4.8 5.6 5.3 7.0 7.5 7.6 8.7 8.9 
13 ITH3 Veneto 4.6 5.3 5.9 6.1 6.7 6.4 5.8 5.9 
14 PT16 Centro (PT) 3.9 3.7 4.4 3.1 3.0 3.1 4.0 4.1 
15 ITH5 Emilia-Romagna 3.9 4.3 4.8 5.0 5.5 5.4 4.9 5.1 
16 ITI1 Toscana 3.9 4.3 4.7 4.9 5.4 5.2 4.9 5.1 
17 UKH1 East Anglia 3.6 6.8 7.8 8.4 8.3 7.6 5.6 5.8 
18 UKM2 Eastern Scotland 3.6 6.4 7.5 8.2 8.4 7.9 5.8 5.9 
19 
UKL1 
West Wales and The 
Valleys 3.6 6.4 7.2 7.7 7.8 7.3 5.5 5.7 
20 UKN0 Northern Ireland 3.5 7.1 8.1 8.7 8.7 8.1 6.0 6.2 
Table 29. Top-20 regions by water consumption biomass/waste power plants (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 FI1D Pohjois- ja Itä-Suomi 12.9 12.3 14.2 17.7 18.3 20.0 19.8 20.0 
2 SE33 Övre Norrland 7.2 7.2 6.3 7.6 7.8 7.5 8.3 8.3 
3 FI19 Länsi-Suomi 6.9 6.8 8.0 10.1 10.2 11.0 10.9 11.0 
4 SE31 Norra Mellansverige 5.5 6.5 5.8 7.1 7.5 7.5 8.7 9.1 
5 FI1C Etelä-Suomi 5.1 5.2 6.2 8.0 8.3 9.1 9.0 9.1 
6 SE32 Mellersta Norrland 4.7 5.6 5.0 6.2 6.4 6.2 6.9 7.0 
7 SE12 Östra Mellansverige 3.4 4.1 3.8 4.8 5.2 5.2 6.0 6.2 
8 SE21 Småland med öarna 3.3 4.1 3.9 5.2 5.6 5.6 6.4 6.6 
9 ITC1 Piemonte 3.1 3.4 3.7 3.8 4.2 4.1 3.8 3.9 
10 UKM6 Highlands and Islands 3.0 5.3 6.1 6.7 6.9 6.5 4.8 4.9 
11 SE23 Västsverige 3.0 3.4 3.3 4.3 4.6 4.7 5.3 5.5 
12 ITC4 Lombardia 2.5 2.9 3.2 3.3 3.7 3.6 3.3 3.5 
13 ITH3 Veneto 2.4 2.7 3.1 3.2 3.5 3.4 3.1 3.2 
14 PT16 Centro (PT) 2.4 2.3 2.7 1.9 1.8 1.9 2.4 2.5 
15 ITI1 Toscana 2.4 2.7 2.9 3.0 3.4 3.2 3.0 3.2 
16 UKH1 East Anglia 2.2 4.0 4.6 5.0 5.0 4.6 3.4 3.5 
17 ITH5 Emilia-Romagna 2.1 2.4 2.7 2.8 3.1 3.0 2.8 2.9 
18 SE22 Sydsverige 2.1 2.7 2.6 3.3 3.6 3.6 4.0 4.1 
19 UKM2 Eastern Scotland 2.0 3.5 4.2 4.6 4.7 4.5 3.3 3.4 
20 FI1B Helsinki-Uusimaa 1.9 2.0 2.5 3.4 3.5 3.8 3.8 3.8 
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Table 30. Top regions by water use for geothermal power (million m3/year) 
Rank NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 ITI1 Toscana 0.361 0.361 0.361 0.361 0.361 0.361 0.334 0.334 
2 PT20 
Região Autónoma dos 
Açores 0.212 0.212 0.212 0.212 0.212 0.212 0.212 0.212 
3 DE21 Oberbayern 0.119 0.846 0.846 0.846 0.846 0.846 0.846 0.846 
4 DEB3 Rheinhessen-Pfalz 0.027 0.194 0.194 0.194 0.194 0.194 0.194 0.194 
5 HU33 Dél-Alföld 0.023 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
6 AT31 Oberösterreich 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018 
7 HU32 Észak-Alföld 0.008 0.015 0.015 0.015 0.015 0.015 0.015 0.015 
8 HU10 Közép-Magyarország 0.006 0.011 0.011 0.011 0.011 0.011 0.011 0.011 
9 DE12 Karlsruhe 0.003 0.022 0.022 0.022 0.022 0.022 0.022 0.022 
10 AT22 Steiermark 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
11 FR42 Alsace 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
12 CZ04 Severozápad 0 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
Table 31. Top-20 regions by water use for oil refining (million m3/year) 
Rank NUTS  Name 2015 2020 2025 2030 2035 2040 2045 2050 
1 PL12 Mazowieckie 8.5 8.6 8.6 8.5 8.5 8.4 8.2 8.1 
2 FR23 Haute-Normandie 5.9 5.8 5.8 5.8 5.8 5.9 5.9 5.9 
3 ITC4 Lombardia 5.1 4.7 4.4 4.1 3.8 3.6 3.4 3.2 
4 ITG1 Sicilia 4.7 4.3 4.0 3.8 3.5 3.3 3.1 3.0 
5 DEE0 Sachsen-Anhalt 4.2 4.0 3.9 3.7 3.6 3.5 3.5 3.4 
6 DE94 Weser-Ems 4.0 3.8 3.7 3.5 3.4 3.4 3.3 3.2 
7 LT00 Lietuva 4.0 3.8 3.7 3.4 3.2 3.0 2.9 2.7 
8 AT12 Niederösterreich 3.8 3.6 3.5 3.4 3.4 3.3 3.3 3.3 
9 UKD6 Cheshire 3.7 3.5 3.3 3.2 3.0 2.9 2.9 2.8 
10 ES51 Cataluña 3.4 3.3 3.3 3.2 3.2 3.2 3.2 3.1 
11 FR51 Pays de la Loire 3.3 3.2 3.2 3.2 3.2 3.2 3.2 3.3 
12 DEA2 Köln 3.0 2.8 2.8 2.6 2.6 2.5 2.5 2.4 
13 DE12 Karlsruhe 2.9 2.7 2.6 2.5 2.5 2.4 2.4 2.3 
14 DE21 Oberbayern 2.7 2.6 2.5 2.4 2.3 2.3 2.3 2.2 
15 PT18 Alentejo 2.4 2.3 2.2 2.2 2.1 2.0 1.9 1.8 
16 DEA3 Münster 2.3 2.2 2.1 2.0 2.0 1.9 1.9 1.9 
17 ES21 País Vasco 2.2 2.2 2.1 2.1 2.1 2.1 2.1 2.1 
18 ES62 Región de Murcia 2.2 2.2 2.1 2.1 2.1 2.1 2.1 2.1 
19 SE23 Västsverige 2.1 2.0 1.9 1.9 1.9 1.8 1.8 1.8 
20 ES42 Castilla-La Mancha 2.1 2.0 2.0 2.0 2.0 2.0 1.9 1.9 
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V. Country overviews 
Austria 
NUTS-Code: AT AUSTRIA Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 783 1324 1173 1224 1155 1464 2186 1943 
Energy production 4 3 1 0 0 0 0 0 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 4 3 1 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 779 1322 1172 1224 1155 1464 2186 1943 
Oil refineries 4 4 4 3 3 3 3 3 
Power plants 775 1318 1169 1221 1151 1461 2183 1940 
Nuclear 0 0 0 0 0 0 0 0 
Solid 465 521 361 358 9 10 4 4 
Oil  0 0 0 0 0 0 0 0 
Gas 304 787 796 851 1130 1435 2162 1919 
Biomass and waste  7 10 11 12 12 16 17 17 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 18 22 21 21 23 28 36 33 
Energy production 4 3 1 0 0 0 0 0 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 4 3 1 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 13 20 20 20 23 28 36 33 
Oil refineries 4 4 4 3 3 3 3 3 
Power plants 10 16 16 17 19 24 33 30 
Nuclear 0 0 0 0 0 0 0 0 
Solid 2 2 2 2 0 0 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 3 8 8 8 12 14 22 19 
Biomass and waste  4 6 7 7 7 10 11 11 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Austria 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal 783 1324 1173 1224 1155 1464 2186 1943 
AT11 Burgenland 0 0 1 1 1 1 1 1 
AT12 Niederösterreich 349 615 448 448 121 424 344 324 
AT13 Wien 167 302 281 308 365 307 316 297 
AT21 Kärnten 1 1 2 2 2 2 3 3 
AT22 Steiermark 106 238 287 302 381 411 424 398 
AT31 Oberösterreich 159 165 153 161 282 316 1095 918 
AT32 Salzburg 1 1 1 1 1 1 1 1 
AT33 Tirol 1 1 1 1 1 1 1 1 
AT34 Vorarlberg 0 0 0 0 0 1 1 1 
Water consumption 18 22 21 21 23 28 36 33 
AT11 Burgenland 0 0 0 0 0 1 1 1 
AT12 Niederösterreich 10 10 8 7 6 8 8 8 
AT13 Wien 2 3 3 3 3 3 3 3 
AT21 Kärnten 1 1 1 1 1 1 2 2 
AT22 Steiermark 2 3 4 4 4 5 5 5 
AT31 Oberösterreich 3 4 4 4 6 7 15 13 
AT32 Salzburg 0 1 1 1 1 1 1 1 
AT33 Tirol 0 1 1 1 1 1 1 1 
AT34 Vorarlberg 0 0 0 0 0 0 0 0 
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Belgium 
NUTS-Code: BE BELGIUM Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 887 544 350 578 827 888 889 850 
Energy production 0 0 0 0 0 0 0 0 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 887 544 350 578 827 888 889 850 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 887 544 350 578 827 888 889 850 
Nuclear 280 350 41 0 0 0 0 0 
Solid 408 0 0 0 0 0 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 182 183 296 565 817 874 871 831 
Biomass and waste  16 11 12 14 10 15 18 19 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 59 60 35 39 74 104 121 122 
Energy production 0 0 0 0 0 0 0 0 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 59 60 35 39 74 104 121 122 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 59 60 35 39 74 104 121 122 
Nuclear 34 43 6 0 0 0 0 0 
Solid 2 0 0 0 0 0 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 13 11 21 31 68 95 110 110 
Biomass and waste  10 6 7 8 6 9 11 12 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Belgium 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  887 544 350 578 827 888 889 850 
BE10 
Région de Bruxelles-Capitale / 
Brussels Hoofdstedelijk Gewest 1 1 1 1 1 1 1 1 
BE21 Prov. Antwerpen 2 1 1 1 1 2 2 2 
BE22 Prov. Limburg (BE) 412 4 5 3 3 5 5 5 
BE23 Prov. Oost-Vlaanderen 11 11 17 34 60 87 85 81 
BE24 Prov. Vlaams-Brabant 4 1 6 3 3 3 3 4 
BE25 Prov. West-Vlaanderen 2 1 1 1 1 2 2 2 
BE31 Prov. Brabant Wallon 1 1 1 1 1 1 1 2 
BE32 Prov. Hainaut 168 171 272 529 729 747 722 682 
BE33 Prov. Liège 282 351 43 1 27 38 64 69 
BE34 Prov. Luxembourg (BE) 2 1 2 2 1 2 2 2 
BE35 Prov. Namur 2 1 1 1 1 1 2 2 
Water consumption  59 60 35 39 74 104 121 122 
BE10 
Région de Bruxelles-Capitale / 
Brussels Hoofdstedelijk Gewest 1 0 1 1 0 1 1 1 
BE21 Prov. Antwerpen 1 1 1 1 1 1 1 1 
BE22 Prov. Limburg (BE) 5 3 4 2 2 4 3 3 
BE23 Prov. Oost-Vlaanderen 8 8 12 24 42 59 58 55 
BE24 Prov. Vlaams-Brabant 3 1 5 2 2 2 2 3 
BE25 Prov. West-Vlaanderen 1 1 1 1 1 1 1 1 
BE31 Prov. Brabant Wallon 1 0 1 1 0 1 1 1 
BE32 Prov. Hainaut 2 2 3 5 7 7 7 7 
BE33 Prov. Liège 36 44 7 1 18 26 44 47 
BE34 Prov. Luxembourg (BE) 1 1 1 1 1 1 1 1 
BE35 Prov. Namur 1 1 1 1 1 1 1 1 
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Bulgaria 
NUTS-Code: BG BULGARIA Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 5291 5046 4569 4389 4381 4372 4526 4815 
Energy production 1118 1280 1036 1033 891 924 567 789 
Solid fuels 1118 1280 1036 1033 891 923 567 789 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 4173 3766 3533 3356 3490 3448 3959 4026 
Oil refineries 2 1 1 1 1 1 1 1 
Power plants 4171 3764 3532 3354 3489 3447 3958 4025 
Nuclear 2629 2573 2573 2573 2573 2573 3382 3382 
Solid 1317 1113 685 534 594 502 301 439 
Oil  0 0 0 0 0 0 0 0 
Gas 225 77 273 246 319 368 270 199 
Biomass and waste  0 1 2 2 2 4 4 5 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 75 84 77 76 70 66 57 65 
Energy production 28 32 24 24 19 20 12 17 
Solid fuels 28 32 24 24 19 20 12 17 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 47 52 52 52 51 46 45 48 
Oil refineries 2 1 1 1 1 1 1 1 
Power plants 46 50 51 50 49 44 44 47 
Nuclear 16 16 16 16 16 16 21 21 
Solid 25 27 25 25 22 18 11 16 
Oil  0 0 0 0 0 0 0 0 
Gas 5 8 9 9 11 8 10 8 
Biomass and waste  0 0 1 1 1 3 3 3 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Bulgaria 
NUTS  Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  5291 5046 4569 4389 4381 4372 4526 4815 
BG31 Severozapaden 2629 2573 2573 2573 2573 2573 3383 3383 
BG32 Severen tsentralen 90 0 0 0 0 1 1 1 
BG33 Severoiztochen 65 0 0 0 0 1 1 1 
BG34 Yugoiztochen 2109 2200 1616 1463 1487 1428 870 1231 
BG41 (Yugozapaden 175 204 117 116 13 9 12 10 
BG42 Yuzhen tsentralen 223 70 262 236 307 361 260 190 
Water consumption  75 84 77 76 70 66 57 65 
BG31 Severozapaden 16 16 16 16 16 16 21 21 
BG32 Severen tsentralen 0 0 0 0 0 0 0 0 
BG33 Severoiztochen 0 0 0 0 0 0 0 0 
BG34 Yugoiztochen 37 43 41 41 42 40 25 35 
BG41 Yugozapaden 18 23 18 17 9 6 8 7 
BG42 Yuzhen tsentralen 3 2 2 2 2 3 2 2 
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Croatia 
NUTS-Code: HR CROATIA Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 76.6 112.5 162.5 130.4 2.9 3.4 3.5 3.2 
Energy production 2.1 2.0 1.4 1.1 1.6 1.4 1.4 1.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 2.1 2.0 1.4 1.1 1.6 1.4 1.4 1.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 74.5 110.5 161.1 129.4 1.2 1.9 2.2 2.2 
Oil refineries 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.7 
Power plants 73.7 109.7 160.3 128.6 0.4 1.2 1.4 1.5 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 3.1 17.3 17.6 0.0 0.0 0.0 0.0 
Gas 73.6 106.5 142.7 110.4 0.0 0.0 0.0 0.0 
Biomass and waste  0.1 0.2 0.3 0.5 0.4 1.1 1.4 1.4 
Geothermal  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 3.8 4.3 4.2 3.6 2.7 2.9 3.0 2.7 
Energy production 2.1 2.0 1.4 1.1 1.6 1.4 1.4 1.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 2.1 2.0 1.4 1.1 1.6 1.4 1.4 1.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 1.7 2.3 2.7 2.5 1.1 1.5 1.6 1.7 
Oil refineries 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.7 
Power plants 0.9 1.5 1.9 1.7 0.3 0.7 0.9 0.9 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 
Gas 0.8 1.4 1.6 1.3 0.1 0.1 0.0 0.1 
Biomass and waste  0.0 0.1 0.2 0.3 0.2 0.7 0.8 0.9 
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Water withdrawal and consumption in NUTS-2 regions in Croatia 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  76.6 112.5 162.5 130.4 2.9 3.4 3.5 3.2 
HR03 Jadranska Hrvatska 0.4 0.5 0.5 0.7 0.6 0.9 1.0 1.1 
HR04 Kontinentalna Hrvatska 76.2 112.1 162.0 129.8 2.3 2.4 2.5 2.1 
Water consumption  3.8 4.3 4.2 3.6 2.7 2.9 3.0 2.7 
HR03 Jadranska Hrvatska 0.4 0.4 0.5 0.6 0.5 0.7 0.7 0.8 
HR04 Kontinentalna Hrvatska 3.4 3.9 3.7 3.0 2.2 2.3 2.3 1.9 
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Czech Republic 
NUTS-Code: CZ CZECH REPUBLIC Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 2768 2708 2654 2432 1824 1061 855 1162 
Energy production 1865 1884 1940 1817 1312 706 507 749 
Solid fuels 1864 1884 1940 1816 1312 706 507 749 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 904 823 714 616 512 355 348 413 
Oil refineries 2 2 2 2 2 2 2 2 
Power plants 901 821 712 613 510 352 346 411 
Nuclear 115 115 115 115 157 199 227 227 
Solid 779 700 587 465 316 89 47 127 
Oil  0 0 0 0 0 0 0 0 
Gas 4 2 5 28 31 54 57 41 
Biomass and waste  3 3 4 6 6 10 14 15 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 216 219 226 237 235 227 222 240 
Energy production 68 73 75 72 58 31 20 29 
Solid fuels 68 73 75 72 58 31 20 29 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 148 146 151 165 177 196 203 211 
Oil refineries 2 2 2 2 2 2 2 2 
Power plants 145 144 148 163 174 194 200 208 
Nuclear 70 70 70 70 96 121 139 138 
Solid 70 70 71 70 53 28 13 32 
Oil  0 0 0 0 0 0 0 0 
Gas 3 2 4 20 22 38 40 29 
Biomass and waste  2 2 2 3 4 6 8 9 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Czech Republic 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  2768 2708 2654 2432 1824 1061 855 1162 
CZ01 Praha 0 0 0 0 0 0 0 0 
CZ02 Střední Čechy 298 278 340 315 203 50 51 37 
CZ03 Jihozápad 115 58 59 60 63 103 106 111 
CZ04 Severozápad 1880 1824 1700 1510 1025 568 439 698 
CZ05 Severovýchod 15 19 21 22 14 2 2 3 
CZ06 Jihovýchod 59 58 58 58 97 100 126 122 
CZ07 Střední Morava 0 0 1 1 1 1 2 2 
CZ08 Moravskoslezsko 402 468 476 467 422 237 128 189 
Water consumption  216 219 226 237 235 227 222 240 
CZ01 Praha 0 0 0 0 0 0 0 0 
CZ02 Střední Čechy 12 11 16 31 26 34 35 25 
CZ03 Jihozápad 36 35 36 36 38 62 65 67 
CZ04 Severozápad 73 64 67 64 50 33 27 45 
CZ05 Severovýchod 12 16 17 18 11 1 1 2 
CZ06 Jihovýchod 36 36 36 35 59 61 77 74 
CZ07 Střední Morava 0 0 0 0 0 1 1 1 
CZ08 Moravskoslezsko 47 57 54 53 51 35 17 25 
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Denmark 
NUTS-Code: DK DENMARK Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 8.7 28.7 28.2 28.2 24.1 23.2 27.1 27.9 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 8.7 28.7 28.2 28.2 24.1 23.2 26.8 27.5 
Oil refineries 0.7 0.6 0.6 0.6 0.6 0.6 0.5 0.5 
Power plants 8.0 28.0 27.6 27.6 23.6 22.7 26.3 26.9 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Biomass and waste  8.0 28.0 27.6 27.6 23.6 22.7 26.2 26.9 
Geothermal  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 5.1 16.1 15.9 15.9 13.7 13.3 15.7 16.2 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 5.1 16.1 15.9 15.9 13.7 13.3 15.4 15.8 
Oil refineries 0.7 0.6 0.6 0.6 0.6 0.6 0.5 0.5 
Power plants 4.4 15.5 15.3 15.3 13.2 12.7 14.8 15.3 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Biomass and waste  4.4 15.5 15.2 15.3 13.2 12.7 14.8 15.3 
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Water withdrawal and consumption in NUTS-2 regions in Denmark 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal 8.7 28.7 28.2 28.2 24.1 23.2 27.1 27.9 
DK01 Hovedstaden 1.0 3.4 3.5 3.5 3.1 3.0 3.5 3.6 
DK02 Sjælland 1.4 5.1 5.0 5.1 4.4 4.2 4.8 5.0 
DK03 Syddanmark 2.7 7.5 7.3 7.2 6.2 5.9 7.0 7.2 
DK04 Midtjylland 2.2 7.4 7.2 7.0 6.0 5.8 6.7 6.9 
DK05 Nordjylland 1.5 5.3 5.2 5.3 4.5 4.4 5.1 5.2 
Water consumption 5.1 16.1 15.9 15.9 13.7 13.3 15.7 16.2 
DK01 Hovedstaden 0.6 2.1 2.1 2.2 1.9 1.8 2.1 2.2 
DK02 Sjælland 0.8 2.8 2.8 2.9 2.4 2.4 2.7 2.8 
DK03 Syddanmark 1.7 4.3 4.2 4.1 3.6 3.5 4.3 4.4 
DK04 Midtjylland 1.2 4.0 3.9 3.8 3.3 3.2 3.7 3.8 
DK05 Nordjylland 0.8 3.0 2.9 2.9 2.5 2.5 2.9 3.0 
  
 142 
Estonia 
NUTS-Code: EE ESTONIA Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 1186 1249 1245 953 680 678 466 245 
Energy production 4 4 4 4 4 4 4 3 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 4 4 4 4 4 4 4 3 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 1182 1245 1241 949 676 674 462 242 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 1182 1245 1241 949 676 674 462 242 
Nuclear 0 0 0 0 0 0 0 0 
Solid 1177 1241 1238 946 673 672 456 235 
Oil  0 0 0 0 0 0 0 0 
Gas 2 2 0 0 0 0 0 0 
Biomass and waste  3 3 3 3 3 3 7 7 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 15 16 14 12 10 10 11 9 
Energy production 4 4 4 4 4 4 4 3 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 4 4 4 4 4 4 4 3 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 11 12 10 8 7 6 7 6 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 11 12 10 8 7 6 7 6 
Nuclear 0 0 0 0 0 0 0 0 
Solid 8 9 9 7 5 5 3 2 
Oil  0 0 0 0 0 0 0 0 
Gas 1 1 0 0 0 0 0 0 
Biomass and waste  2 2 2 2 2 2 4 4 
Geothermal 0 0 0 0 0 0 0 0 
 
Estonia has only one NUTS-2 region and the data is the same as on country level. 
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Finland 
NUTS-Code: FI FINLAND Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 262 367 487 438 390 260 225 256 
Energy production 0 0 0 0 0 0 0 0 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 262 367 487 438 390 260 225 256 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 262 367 487 438 390 260 225 256 
Nuclear 0 0 0 0 0 0 0 0 
Solid 150 219 308 213 177 76 45 42 
Oil  0 0 0 0 0 0 0 0 
Gas 69 105 128 160 147 111 108 140 
Biomass and waste  44 43 51 64 67 73 72 73 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 29 29 34 43 44 47 46 47 
Energy production 0 0 0 0 0 0 0 0 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 29 29 34 43 44 47 46 47 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 29 29 34 43 44 47 46 47 
Nuclear 0 0 0 0 0 0 0 0 
Solid 1 1 1 1 1 0 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 1 1 1 1 1 1 1 1 
Biomass and waste  27 27 32 40 42 45 45 46 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Finland 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal 262 367 487 438 390 260 225 256 
FI19 Länsi-Suomi 117 167 141 120 93 24 21 21 
FI1B Helsinki-Uusimaa 6 5 6 28 26 22 17 21 
FI1C Etelä-Suomi 61 85 210 151 139 109 111 139 
FI1D Pohjois- ja Itä-Suomi 77 108 128 137 130 103 73 71 
FI20 Åland 1 1 1 2 2 2 2 3 
Water consumption  29 29 34 43 44 47 46 47 
FI19 Länsi-Suomi 7 8 9 11 11 11 11 11 
FI1B Helsinki-Uusimaa 2 2 3 4 4 4 4 4 
FI1C Etelä-Suomi 6 6 8 9 9 10 10 10 
FI1D Pohjois- ja Itä-Suomi 13 13 15 18 19 20 20 20 
FI20 Åland 0 1 1 1 1 2 2 2 
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France 
NUTS-Code: FR FRANCE Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 17589 14407 15016 15688 15954 12210 11394 8249 
Energy production 2 2 1 1 1 0 0 0 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 2 2 1 1 1 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 17586 14405 15015 15687 15953 12210 11394 8249 
Oil refineries 12 12 12 12 12 12 12 12 
Power plants 17574 14393 15002 15675 15941 12197 11382 8237 
Nuclear 16968 13963 14918 15604 15870 10067 9130 6241 
Solid 517 380 15 4 0 0 0 0 
Oil  53 0 2 2 3 2 1 0 
Gas 8 7 8 5 8 2070 2192 1935 
Biomass and waste  28 43 60 61 61 59 59 60 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 744 677 641 615 615 567 560 493 
Energy production 2 2 1 1 1 0 0 0 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 2 2 1 1 1 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 742 675 640 614 614 566 560 493 
Oil refineries 12 12 12 12 12 12 12 12 
Power plants 729 663 628 602 602 554 548 481 
Nuclear 697 623 585 562 559 469 449 397 
Solid 9 8 0 0 0 0 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 6 6 6 4 5 49 63 47 
Biomass and waste  17 25 36 36 37 35 36 36 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in France 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  17589 14407 15016 15688 15954 12210 11394 8249 
FR10 Île de France 127 4 4 4 4 4 4 4 
FR21 Champagne-Ardenne 166 154 151 161 167 177 182 158 
FR22 Picardie 1 2 2 3 3 2 3 2 
FR23 Haute-Normandie 7 7 8 8 8 8 8 8 
FR24 Centre 345 297 273 231 239 200 182 170 
FR25 Basse-Normandie 1 2 2 3 3 2 2 2 
FR26 Bourgogne 1 2 3 3 3 3 3 3 
FR30 Nord - Pas-de-Calais 3 2 2 2 2 2 2 2 
FR41 Lorraine 331 155 149 119 123 136 151 133 
FR42 Alsace 2085 1050 1023 1064 1083 314 286 166 
FR43 Franche-Comté 1 2 2 2 2 2 2 3 
FR51 Pays de la Loire 260 377 23 12 9 8 7 6 
FR52 Bretagne 2 2 3 3 3 3 3 3 
FR53 Poitou-Charentes 89 83 82 85 86 90 92 98 
FR61 Aquitaine 4310 3989 4084 4248 4325 3820 3904 2914 
FR62 Midi-Pyrénées 78 73 72 75 48 62 62 59 
FR63 Limousin 1 2 2 2 2 2 2 3 
FR71 Rhône-Alpes 9756 8193 9120 9654 9831 7364 6485 4503 
FR72 Auvergne 1 2 3 3 3 3 3 3 
FR81 Languedoc-Roussillon 19 2 2 2 2 2 2 2 
FR82 Provence-Alpes-Côte d'Azur 4 6 2 2 2 2 2 2 
FR83 Corse 1 1 2 2 2 2 2 2 
FRA1 Guadeloupe 0 0 0 0 0 0 0 0 
FRA2 Martinique 0 0 0 0 0 0 0 0 
FRA3 Guyane 1 1 2 2 2 2 2 2 
FRA4 La Réunion 0 0 0 0 0 0 0 0 
FRA5 Mayotte 0 0 0 0 0 0 0 0 
Water consumption  744 677 641 615 615 567 560 493 
FR10 Île de France 3 3 3 3 3 3 3 3 
FR21 Champagne-Ardenne 101 94 92 98 102 108 111 97 
FR22 Picardie 1 1 2 2 2 2 2 2 
FR23 Haute-Normandie 7 7 7 7 7 7 7 7 
FR24 Centre 210 181 166 141 146 124 114 106 
FR25 Basse-Normandie 1 1 1 1 1 1 1 1 
FR26 Bourgogne 1 1 2 2 2 2 2 2 
FR30 Nord - Pas-de-Calais 2 1 1 1 1 1 1 1 
FR41 Lorraine 104 97 92 73 76 84 96 82 
FR42 Alsace 14 8 8 9 9 4 4 3 
FR43 Franche-Comté 1 1 2 2 2 1 2 2 
FR51 Pays de la Loire 5 6 5 5 5 5 5 5 
FR52 Bretagne 1 1 2 2 2 2 2 2 
FR53 Poitou-Charentes 54 51 50 52 53 55 56 60 
FR61 Aquitaine 28 26 28 29 29 26 26 20 
FR62 Midi-Pyrénées 48 44 44 46 30 39 39 37 
FR63 Limousin 1 1 1 1 1 1 1 2 
FR71 Rhône-Alpes 158 144 129 136 139 95 82 56 
FR72 Auvergne 1 1 2 2 2 2 2 2 
FR81 Languedoc-Roussillon 1 1 1 1 1 1 1 1 
FR82 Provence-Alpes-Côte d'Azur 3 4 1 1 1 1 1 1 
FR83 Corse 0 1 1 1 1 1 1 1 
FRA1 Guadeloupe 0 0 0 0 0 0 0 0 
FRA2 Martinique 0 0 0 0 0 0 0 0 
FRA3 Guyane 0 1 1 1 1 1 1 1 
FRA4 La Réunion 0 0 0 0 0 0 0 0 
FRA5 Mayotte 0 0 0 0 0 0 0 0 
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Germany 
NUTS-Code: DE GERMANY Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 16421 12985 12387 10553 10215 9384 8362 10033 
Energy production 8134 7132 6889 5586 5141 5119 3906 5769 
Solid fuels 8133 7132 6889 5586 5140 5119 3905 5769 
Oil 0 0 0 0 0 0 1 1 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 8288 5853 5497 4967 5075 4265 4457 4263 
Oil refineries 26 24 23 22 22 21 21 21 
Power plants 8262 5828 5474 4944 5053 4244 4435 4243 
Nuclear 2505 1121 0 0 0 0 0 0 
Solid 3832 3708 3726 3399 3212 2257 2430 2536 
Oil  65 1 4 7 8 8 10 2 
Gas 1790 884 1604 1443 1737 1867 1887 1587 
Biomass and waste  71 113 139 95 94 110 107 116 
Geothermal  0 1 1 1 1 1 1 1 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 1013 824 783 705 614 609 573 706 
Energy production 193 170 160 128 104 104 80 117 
Solid fuels 192 170 160 128 104 103 79 117 
Oil 0 0 0 0 0 0 1 1 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 820 654 623 577 510 505 493 589 
Oil refineries 26 24 23 22 22 21 21 21 
Power plants 794 630 599 555 488 484 472 568 
Nuclear 226 78 0 0 0 0 0 0 
Solid 440 433 420 368 277 244 227 359 
Oil  1 1 3 5 6 5 7 1 
Gas 83 46 89 121 145 165 170 135 
Biomass and waste  44 70 86 59 59 68 67 72 
Geothermal 0 1 1 1 1 1 1 1 
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Water withdrawal and consumption in NUTS-2 regions in Germany 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  16421 12985 12387 10553 10215 9384 8362 10033 
DE11 Stuttgart 69 49 356 25 28 30 9 9 
DE12 Karlsruhe 794 463 478 455 505 517 1016 971 
DE13 Freiburg 2 3 4 2 2 3 3 3 
DE14 Tübingen 2 3 3 2 2 3 3 3 
DE21 Oberbayern 624 464 489 445 415 27 26 37 
DE22 Niederbayern 51 29 29 23 22 22 20 18 
DE23 Oberpfalz 2 3 4 3 3 3 3 3 
DE24 Oberfranken 2 3 3 2 2 3 3 3 
DE25 Mittelfranken 5 5 6 4 4 5 4 4 
DE26 Unterfranken 45 3 4 3 3 3 3 3 
DE27 Schwaben 87 25 28 22 21 21 19 17 
DE30 Berlin 345 218 233 260 407 420 381 317 
DE40 Brandenburg 1540 1417 1385 1434 599 14 16 8 
DE50 Bremen 472 490 497 302 249 248 208 604 
DE60 Hamburg 1253 1279 1299 1281 1416 865 826 771 
DE71 Darmstadt 9 11 11 10 11 12 10 24 
DE72 Gießen 2 3 3 2 2 3 3 3 
DE73 Kassel 2 3 4 2 2 3 3 3 
DE80 Mecklenburg-Vorpommern 2 4 5 3 3 4 4 4 
DE91 Braunschweig 23 19 20 28 30 30 30 30 
DE92 Hannover 52 32 9 7 3 3 3 4 
DE93 Lüneburg 2 3 4 3 3 3 3 4 
DE94 Weser-Ems 60 37 15 15 17 17 23 7 
DEA1 Düsseldorf 2914 2385 2375 2227 2354 2665 2194 2345 
DEA2 Köln 2959 2315 2248 1634 1899 1994 1529 2216 
DEA3 Münster 389 354 289 195 4 5 5 5 
DEA4 Detmold 14 16 16 15 17 17 15 16 
DEA5 Arnsberg 225 163 63 62 60 65 80 107 
DEB1 Koblenz 2 3 3 2 2 3 3 3 
DEB2 Trier 2 3 3 2 2 3 3 3 
DEB3 Rheinhessen-Pfalz 301 155 172 140 130 201 182 152 
DEC0 Saarland 31 33 34 27 15 19 16 16 
DED2 Dresden 1242 1140 1111 1149 1358 1495 1167 1699 
DED4 Chemnitz 2 3 3 2 2 3 3 3 
DED5 Leipzig 476 439 429 442 323 358 276 392 
DEE0 Sachsen-Anhalt 435 400 391 26 24 25 23 20 
DEF0 Schleswig-Holstein 1982 1007 356 290 270 271 246 205 
DEG0 Thüringen 2 4 4 3 3 3 3 3 
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NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water consumption  1013 824 783 705 614 609 573 706 
DE11 Stuttgart 47 34 22 20 22 24 7 7 
DE12 Karlsruhe 43 18 18 17 19 19 25 25 
DE13 Freiburg 1 2 2 2 2 2 2 2 
DE14 Tübingen 1 2 2 1 1 2 2 2 
DE21 Oberbayern 25 21 23 20 20 21 21 29 
DE22 Niederbayern 31 18 20 16 15 15 14 12 
DE23 Oberpfalz 1 2 2 2 2 2 2 2 
DE24 Oberfranken 1 2 2 1 1 2 2 2 
DE25 Mittelfranken 4 4 4 3 3 3 3 3 
DE26 Unterfranken 27 2 3 2 2 2 2 2 
DE27 Schwaben 53 16 19 15 14 14 13 11 
DE30 Berlin 11 10 10 10 5 5 5 4 
DE40 Brandenburg 85 86 88 90 43 10 11 5 
DE50 Bremen 3 4 4 3 2 3 2 4 
DE60 Hamburg 8 9 9 8 9 7 7 7 
DE71 Darmstadt 7 8 8 8 8 9 8 18 
DE72 Gießen 1 2 2 1 1 2 2 2 
DE73 Kassel 1 2 2 2 1 2 2 2 
DE80 Mecklenburg-Vorpommern 1 2 3 2 2 2 2 3 
DE91 Braunschweig 19 15 15 21 23 23 21 22 
DE92 Hannover 33 20 6 5 2 2 2 2 
DE93 Lüneburg 1 2 3 2 2 2 2 2 
DE94 Weser-Ems 40 25 12 12 14 14 18 6 
DEA1 Düsseldorf 146 127 129 122 119 135 116 219 
DEA2 Köln 132 119 113 97 78 83 70 70 
DEA3 Münster 56 50 40 22 3 4 4 4 
DEA4 Detmold 11 12 13 12 13 14 12 12 
DEA5 Arnsberg 61 54 49 48 48 51 63 84 
DEB1 Koblenz 1 2 2 1 1 2 2 2 
DEB2 Trier 1 2 2 1 1 2 2 2 
DEB3 Rheinhessen-Pfalz 4 3 4 3 3 4 3 3 
DEC0 Saarland 25 27 27 22 12 15 13 12 
DED2 Dresden 54 54 54 54 63 53 60 70 
DED4 Chemnitz 1 2 2 1 1 2 2 2 
DED5 Leipzig 32 33 33 32 33 35 29 31 
DEE0 Sachsen-Anhalt 25 25 25 19 18 18 17 15 
DEF0 Schleswig-Holstein 14 9 6 5 5 5 5 4 
DEG0 Thüringen 1 2 3 2 2 2 2 2 
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Greece 
NUTS-Code: EL GREECE Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 1977 1636 1334 856 903 690 140 14 
Energy production 1912 1578 1283 821 866 662 121 0 
Solid fuels 1912 1578 1283 821 866 662 121 0 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 65 58 51 34 37 28 19 14 
Oil refineries 4 4 3 3 3 3 3 3 
Power plants 62 54 48 31 33 24 16 11 
Nuclear 0 0 0 0 0 0 0 0 
Solid 60 51 44 28 30 22 4 0 
Oil  0 0 0 0 0 0 0 0 
Gas 1 1 1 1 1 0 8 8 
Biomass and waste  1 1 2 2 2 3 3 3 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 92 79 67 44 47 35 16 10 
Energy production 39 32 26 17 18 13 2 0 
Solid fuels 39 32 26 17 18 13 2 0 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 53 47 41 28 29 22 14 10 
Oil refineries 4 4 3 3 3 3 3 3 
Power plants 50 43 38 24 26 19 11 7 
Nuclear 0 0 0 0 0 0 0 0 
Solid 49 42 36 22 24 17 3 0 
Oil  0 0 0 0 0 0 0 0 
Gas 1 1 1 1 1 0 6 6 
Biomass and waste  0 1 1 1 1 2 2 2 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Greece 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  1977 1636 1334 856 903 690 140 14 
EL30 Attiki 2 2 2 2 2 2 2 2 
EL41 Voreio Aigaio 0 0 1 1 1 1 1 1 
EL42 Notio Aigaio 0 0 0 0 0 0 0 0 
EL43 Kriti 0 0 1 1 1 1 1 1 
EL51 Anatoliki Makedonia, Thraki 1 1 1 1 1 0 0 0 
EL52 Kentriki Makedonia 0 0 0 0 0 0 0 0 
EL53 Dytiki Makedonia 1628 1475 1130 606 640 684 133 8 
EL54 (Ipeiros 0 0 0 0 0 0 0 0 
EL61 Thessalia 0 0 0 0 0 0 0 0 
EL62 Ionia Nisia 0 0 0 0 0 0 0 0 
EL63 Dytiki Ellada 0 0 0 0 0 0 0 0 
EL64 Sterea Ellada 0 0 0 0 0 0 0 0 
EL65 Peloponnisos 346 157 199 245 258 2 2 2 
Water consumption  92 79 67 44 47 35 16 10 
EL30 Attiki 2 2 2 2 2 2 2 2 
EL41 Voreio Aigaio 0 0 0 0 0 0 0 0 
EL42 Notio Aigaio 0 0 0 0 0 0 0 0 
EL43 Kriti 0 0 0 0 0 0 1 0 
EL51 Anatoliki Makedonia, Thraki 1 1 1 1 1 0 0 0 
EL52 Kentriki Makedonia 0 0 0 0 0 0 0 0 
EL53 Dytiki Makedonia 74 66 55 32 34 31 11 6 
EL54 Ipeiros 0 0 0 0 0 0 0 0 
EL61 Thessalia 0 0 0 0 0 0 0 0 
EL62 Ionia Nisia 0 0 0 0 0 0 0 0 
EL63 Dytiki Ellada 0 0 0 0 0 0 0 0 
EL64 Sterea Ellada 0 0 0 0 0 0 0 0 
EL65 Peloponnisos 15 9 9 9 9 2 2 2 
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Hungary 
NUTS-Code: HU HUNGARY Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 3010 3041 4418 5937 4712 5036 5086 5082 
Energy production 280 208 100 96 1 1 1 1 
Solid fuels 277 205 99 95 1 1 1 1 
Oil 3 3 1 1 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 2730 2833 4318 5841 4711 5036 5085 5082 
Oil refineries 1 1 2 2 2 2 2 2 
Power plants 2729 2832 4316 5839 4710 5034 5083 5080 
Nuclear 2533 2522 4147 5772 4528 4758 4758 4758 
Solid 80 11 5 5 0 0 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 110 291 156 56 175 268 317 312 
Biomass and waste  7 7 8 6 7 7 8 10 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 43 40 40 47 35 38 39 40 
Energy production 9 7 3 3 0 0 0 0 
Solid fuels 6 4 2 2 0 0 0 0 
Oil 3 3 1 1 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 34 33 37 45 35 38 39 40 
Oil refineries 1 1 2 2 2 2 2 2 
Power plants 32 31 35 43 34 37 38 39 
Nuclear 15 15 25 35 28 29 29 29 
Solid 12 9 4 4 0 0 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 1 3 2 1 3 4 4 4 
Biomass and waste  4 4 4 3 4 4 5 6 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Hungary 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  3010 3041 4418 5937 4712 5036 5086 5082 
HU10 Közép-Magyarország 84 216 116 40 100 202 258 247 
HU21 Közép-Dunántúl 70 6 4 1 1 1 1 1 
HU22 Nyugat-Dunántúl 27 69 37 17 71 68 61 67 
HU23 Dél-Dunántúl 2534 2523 4149 5773 4529 4759 4760 4760 
HU31 Észak-Magyarország 289 217 106 100 2 3 3 4 
HU32 Észak-Alföld 3 8 5 3 7 1 1 2 
HU33 Dél-Alföld 4 2 2 2 1 1 2 2 
Water consumption  43 40 40 47 35 38 39 40 
HU10 Közép-Magyarország 3 4 3 2 3 4 4 4 
HU21 Közép-Dunántúl 4 1 1 0 0 1 1 1 
HU22 Nyugat-Dunántúl 1 1 1 1 1 1 1 1 
HU23 Dél-Dunántúl 16 16 26 36 28 30 30 30 
HU31 Észak-Magyarország 15 14 7 6 1 2 2 2 
HU32 Észak-Alföld 1 2 1 1 1 1 1 1 
HU33 Dél-Alföld 3 2 1 1 1 1 1 1 
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Ireland 
NUTS-Code: IE IRELAND Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 57.9 50.5 44.6 36.3 64.8 65.0 4.6 4.9 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 57.9 50.5 44.6 36.3 64.8 65.0 4.6 4.9 
Oil refineries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Power plants 57.9 50.5 44.6 36.3 64.8 65.0 4.6 4.9 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 57.0 48.2 42.3 32.9 61.8 61.3 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Biomass and waste  0.9 2.3 2.3 3.3 2.9 3.6 4.5 4.9 
Geothermal  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 1.6 2.1 2.0 2.4 1.9 2.2 2.5 2.7 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 1.6 2.1 2.0 2.4 1.9 2.2 2.5 2.7 
Oil refineries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Power plants 1.6 2.1 2.0 2.4 1.9 2.2 2.5 2.7 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 1.1 0.9 0.8 0.6 0.3 0.3 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Biomass and waste  0.5 1.2 1.2 1.7 1.6 1.9 2.4 2.6 
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Water withdrawal and consumption in NUTS-2 regions in Ireland 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  57.9 50.5 44.6 36.3 64.8 65.0 4.6 4.9 
IE01 Border, Midland and Western 57.5 49.3 43.4 34.6 63.3 63.3 2.4 2.6 
IE02 Southern and Eastern 0.4 1.2 1.2 1.7 1.4 1.7 2.2 2.3 
Water consumption  1.6 2.1 2.0 2.4 1.9 2.2 2.5 2.7 
IE01 Border, Midland and Western 1.3 1.5 1.5 1.6 1.1 1.4 1.4 1.5 
IE02 Southern and Eastern 0.2 0.6 0.6 0.8 0.7 0.9 1.1 1.2 
  
 156 
Italy 
NUTS-Code: IT ITALY Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 1275 1419 1258 1286 964 1201 1021 1013 
Energy production 25 21 22 20 12 11 7 4 
Solid fuels 5 0 0 0 0 0 0 0 
Oil 19 21 22 20 12 11 7 4 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 1250 1399 1236 1265 952 1190 1014 1009 
Oil refineries 13 12 11 10 9 9 8 8 
Power plants 1238 1387 1225 1255 942 1181 1006 1001 
Nuclear 0 0 0 0 0 0 0 0 
Solid 2 3 0 0 0 0 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 1173 1313 1144 1170 847 1087 919 910 
Biomass and waste  62 71 80 85 95 93 86 90 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 87 94 97 97 96 96 86 85 
Energy production 20 21 22 20 12 11 7 4 
Solid fuels 1 0 0 0 0 0 0 0 
Oil 19 21 22 20 12 11 7 4 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 67 73 75 77 84 85 79 81 
Oil refineries 13 12 11 10 9 9 8 8 
Power plants 54 62 64 67 74 76 71 73 
Nuclear 0 0 0 0 0 0 0 0 
Solid 2 2 0 0 0 0 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 15 17 16 17 17 20 19 19 
Biomass and waste  36 42 47 50 56 55 51 54 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Italy 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  1275 1419 1258 1286 964 1201 1021 1013 
ITC1 Piemonte 126 147 129 135 135 174 8 9 
ITC2 Valle d'Aosta/Vallée d'Aoste 2 2 2 3 3 3 3 3 
ITC3 Liguria 3 4 4 4 5 5 4 5 
ITC4 Lombardia 818 910 793 800 616 910 839 831 
ITF1 Abruzzo 16 18 18 18 4 4 4 4 
ITF2 Molise 2 2 3 3 3 3 3 3 
ITF3 Campania 3 3 4 4 4 4 4 4 
ITF4 Puglia 2 3 3 4 4 4 4 4 
ITF5 Basilicata 17 21 22 20 12 12 8 5 
ITF6 Calabria 3 3 3 4 4 4 4 4 
ITG1 Sicilia 11 9 9 8 9 9 9 9 
ITG2 Sardegna 7 2 3 3 3 3 3 3 
ITH1 Provincia Autonoma di Bolzano/Bozen 2 3 3 3 4 4 3 3 
ITH2 Provincia Autonoma di Trento 3 3 4 4 4 4 4 4 
ITH3 Veneto 5 5 6 6 7 6 6 6 
ITH4 Friuli-Venezia Giulia 5 6 7 7 12 9 8 8 
ITH5 Emilia-Romagna 232 258 225 237 112 18 83 83 
ITI1 Toscana 5 5 5 6 7 10 9 10 
ITI2 Umbria 6 6 4 5 6 6 7 7 
ITI3 Marche 2 3 3 4 4 4 3 4 
ITI4 Lazio 5 7 8 9 5 5 5 5 
Water consumption  87 94 97 97 96 96 86 85 
ITC1 Piemonte 6 7 7 7 7 7 5 5 
ITC2 Valle d'Aosta/Vallée d'Aoste 1 1 1 2 2 2 2 2 
ITC3 Liguria 2 3 3 3 3 3 3 3 
ITC4 Lombardia 15 16 15 15 14 16 15 15 
ITF1 Abruzzo 2 2 3 3 3 2 2 2 
ITF2 Molise 1 1 2 2 2 2 2 2 
ITF3 Campania 2 2 2 2 3 3 2 3 
ITF4 Puglia 1 2 2 2 3 3 2 3 
ITF5 Basilicata 17 20 21 19 11 10 6 4 
ITF6 Calabria 2 2 2 2 3 3 2 3 
ITG1 Sicilia 10 8 7 7 7 8 7 7 
ITG2 Sardegna 2 1 2 2 2 2 2 2 
ITH1 Provincia Autonoma di Bolzano/Bozen 1 2 2 2 2 2 2 2 
ITH2 Provincia Autonoma di Trento 2 2 2 2 3 3 2 3 
ITH3 Veneto 2 3 3 3 4 3 3 3 
ITH4 Friuli-Venezia Giulia 4 4 5 5 9 6 6 6 
ITH5 Emilia-Romagna 6 6 6 7 5 4 4 4 
ITI1 Toscana 3 3 4 4 5 7 7 7 
ITI2 Umbria 4 5 3 3 4 4 5 5 
ITI3 Marche 1 2 2 2 3 2 2 2 
ITI4 Lazio 2 3 3 3 3 3 3 3 
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Latvia 
NUTS-Code: LV LATVIA Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 16.1 16.9 26.5 22.7 26.0 5.4 6.5 6.4 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 16.1 16.9 26.5 22.7 26.0 5.4 6.5 6.4 
Oil refineries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Power plants 16.1 16.9 26.5 22.7 26.0 5.4 6.5 6.4 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 14.4 14.7 24.0 20.1 23.4 3.3 3.7 3.3 
Biomass and waste  1.7 2.2 2.5 2.6 2.5 2.2 2.9 3.1 
Geothermal  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 2.5 2.8 4.0 3.6 3.9 4.0 4.7 4.5 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 2.5 2.8 4.0 3.6 3.9 4.0 4.7 4.5 
Oil refineries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Power plants 2.5 2.8 4.0 3.6 3.9 4.0 4.7 4.5 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 1.5 1.5 2.4 2.0 2.4 2.6 3.0 2.6 
Biomass and waste  1.0 1.3 1.5 1.6 1.6 1.3 1.8 1.9 
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
 
Latvia has only one NUTS-2 region and the data is the same as on country level. 
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Lithuania 
NUTS-Code: LT LITHUANIA Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 94.6 136.3 214.0 391.4 330.1 336.1 335.8 335.6 
Energy production 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 94.5 136.2 213.9 391.4 330.1 336.1 335.8 335.6 
Oil refineries 4.0 3.8 3.7 3.4 3.2 3.0 2.9 2.7 
Power plants 90.5 132.4 210.3 387.9 326.9 333.1 332.9 332.9 
Nuclear 0.0 0.0 0.0 250.2 250.2 250.2 250.2 250.2 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 84.9 130.0 207.8 135.1 73.8 79.8 79.2 78.8 
Biomass and waste  2.2 2.4 2.4 2.7 2.9 3.0 3.5 3.9 
Geothermal  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 9.5 11.5 15.1 29.0 29.2 29.7 29.7 29.8 
Energy production 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 9.4 11.4 15.0 28.9 29.2 29.7 29.7 29.8 
Oil refineries 4.0 3.8 3.7 3.4 3.2 3.0 2.9 2.7 
Power plants 5.4 7.6 11.3 25.5 26.0 26.6 26.9 27.1 
Nuclear 0.0 0.0 0.0 21.7 21.7 21.7 21.7 21.7 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 3.8 6.2 9.9 2.3 2.7 3.2 3.2 3.2 
Biomass and waste  1.3 1.4 1.4 1.6 1.7 1.8 2.0 2.3 
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
 
Lithuania has only one NUTS-2 region and the data is the same as on country level. 
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Luxembourg 
NUTS-Code: LU LUXEMBOURG Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 0.5 0.6 0.7 0.7 0.7 0.6 0.6 0.7 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 0.5 0.6 0.7 0.7 0.7 0.6 0.6 0.7 
Oil refineries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Power plants 0.5 0.6 0.7 0.7 0.7 0.6 0.6 0.7 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 
Biomass and waste  0.5 0.6 0.7 0.7 0.6 0.5 0.5 0.6 
Geothermal  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Oil refineries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Power plants 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 
Biomass and waste  0.3 0.3 0.4 0.4 0.3 0.3 0.3 0.4 
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
 
Luxembourg has only one NUTS-2 region and the data is the same as on country level. 
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The Netherlands 
NUTS-Code: NL THE NETHERLANDS Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 1466 1161 1459 1449 1121 1316 1443 1252 
Energy production 1 2 1 1 1 1 1 1 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 1 2 1 1 1 1 1 1 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 1465 1159 1458 1448 1120 1315 1442 1251 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 1465 1159 1458 1448 1120 1315 1442 1251 
Nuclear 0 0 0 0 0 0 0 0 
Solid 569 295 286 255 299 297 144 36 
Oil  0 0 0 0 0 0 0 0 
Gas 873 811 1118 1137 765 960 1237 1151 
Biomass and waste  23 53 53 56 56 58 60 63 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 32 49 52 52 52 46 49 50 
Energy production 1 2 1 1 1 1 1 1 
Solid fuels 0 0 0 0 0 0 0 0 
Oil 1 2 1 1 1 1 1 1 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 31 48 51 52 51 45 48 49 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 31 48 51 52 51 45 48 49 
Nuclear 0 0 0 0 0 0 0 0 
Solid 8 7 7 6 7 1 1 0 
Oil  0 0 0 0 0 0 0 0 
Gas 10 9 12 12 10 9 11 10 
Biomass and waste  14 32 32 34 34 35 37 39 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in The Netherlands 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  1466 1161 1459 1449 1121 1316 1443 1252 
NL11 Groningen 2 4 4 4 4 5 5 5 
NL12 Friesland (NL) 2 4 4 5 5 5 5 6 
NL13 Drenthe 2 5 5 5 5 5 5 5 
NL21 Overijssel 2 5 5 5 5 5 5 5 
NL22 Gelderland 300 5 5 5 5 5 6 6 
NL23 Flevoland 208 196 218 194 207 200 216 201 
NL31 Utrecht 134 127 216 218 179 173 321 300 
NL32 Noord-Holland 741 732 913 931 623 797 753 603 
NL33 Zuid-Holland 5 7 8 8 9 5 5 5 
NL34 Zeeland 2 4 4 4 4 5 5 5 
NL41 Noord-Brabant 9 13 12 12 13 6 6 7 
NL42 Limburg (NL) 60 58 64 58 62 105 111 104 
Water consumption  32 49 52 52 52 46 49 50 
NL11 Groningen 1 3 3 3 3 3 3 3 
NL12 Friesland (NL) 1 3 3 3 3 3 3 4 
NL13 Drenthe 2 4 3 3 3 3 3 3 
NL21 Overijssel 1 3 3 3 3 3 3 3 
NL22 Gelderland 3 3 3 3 3 3 3 3 
NL23 Flevoland 3 4 4 4 4 5 5 5 
NL31 Utrecht 2 4 4 5 4 4 6 6 
NL32 Noord-Holland 6 7 9 9 7 9 9 8 
NL33 Zuid-Holland 4 5 5 6 6 3 3 4 
NL34 Zeeland 1 3 3 3 3 3 3 3 
NL41 Noord-Brabant 6 9 8 8 9 3 4 4 
NL42 Limburg (NL) 2 3 3 3 3 4 4 4 
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Poland 
NUTS-Code: PL POLAND Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 10432 10359 9846 9400 7540 5351 4695 4308 
Energy production 5650 5280 4748 4092 3464 1914 1514 1415 
Solid fuels 5645 5276 4743 4086 3457 1905 1508 1410 
Oil 5 4 4 5 6 6 3 2 
Gas 0 0 1 1 2 2 2 3 
Energy transformation 4782 5079 5098 5308 4076 3438 3181 2893 
Oil refineries 8 9 9 9 9 8 8 8 
Power plants 4774 5070 5089 5299 4068 3429 3173 2885 
Nuclear 0 0 0 0 0 0 0 0 
Solid 4738 5016 4568 4784 3565 2210 1743 1528 
Oil  0 0 0 0 0 0 0 0 
Gas 3 16 479 466 455 1162 1373 1295 
Biomass and waste  32 38 42 49 47 57 57 62 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 646 624 570 595 495 403 377 352 
Energy production 396 362 287 272 215 154 132 122 
Solid fuels 390 358 283 266 208 145 127 117 
Oil 5 4 4 5 6 6 3 2 
Gas 0 0 1 1 2 2 2 3 
Energy transformation 250 262 283 323 280 249 245 230 
Oil refineries 8 9 9 9 9 8 8 8 
Power plants 242 253 275 314 271 241 237 222 
Nuclear 0 0 0 0 0 0 0 0 
Solid 220 219 205 205 160 115 107 96 
Oil  0 0 0 0 0 0 0 0 
Gas 2 11 44 80 82 91 96 88 
Biomass and waste  19 23 25 29 28 34 34 37 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Poland 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  10432 10359 9846 9400 7540 5351 4695 4308 
PL11 Łódzkie 1451 1415 1614 1166 1300 59 66 59 
PL12 Mazowieckie 1573 1325 1636 1608 1042 717 648 614 
PL21 Małopolskie 415 359 377 378 394 338 346 326 
PL22 Śląskie 3529 3371 2426 2386 1741 1377 1240 1129 
PL31 Lubelskie 235 4 4 5 6 7 7 7 
PL32 Podkarpackie 3 4 4 5 9 11 9 9 
PL33 Świętokrzyskie 809 994 1022 1132 633 637 771 671 
PL34 Podlaskie 3 4 4 15 14 15 14 13 
PL41 Wielkopolskie 1192 1434 1261 1159 1018 822 899 819 
PL42 Zachodniopomorskie 726 942 1059 1103 1032 977 616 583 
PL43 Lubuskie 6 6 5 4 4 4 4 4 
PL51 Dolnośląskie 374 353 380 378 292 324 13 13 
PL52 Opolskie 20 25 37 47 39 40 40 37 
PL61 Kujawsko-pomorskie 90 116 8 8 8 15 14 14 
PL62 Warmińsko-mazurskie 3 3 3 4 4 4 4 5 
PL63 Pomorskie 2 3 3 4 4 5 5 5 
Water consumption  646 624 570 595 495 403 377 352 
PL11 Łódzkie 88 91 95 91 88 44 50 44 
PL12 Mazowieckie 52 50 52 55 32 17 16 16 
PL21 Małopolskie 32 32 35 44 44 38 38 36 
PL22 Śląskie 366 356 276 281 217 178 165 151 
PL31 Lubelskie 24 3 3 3 5 5 5 5 
PL32 Podkarpackie 2 3 3 3 7 9 7 7 
PL33 Świętokrzyskie 4 5 5 6 4 4 5 5 
PL34 Podlaskie 2 3 3 10 10 10 9 9 
PL41 Wielkopolskie 23 20 29 26 22 22 20 19 
PL42 Zachodniopomorskie 5 6 6 7 7 8 7 7 
PL43 Lubuskie 6 5 4 3 3 3 2 2 
PL51 Dolnośląskie 20 19 21 21 19 20 9 9 
PL52 Opolskie 16 20 28 34 28 29 30 27 
PL61 Kujawsko-pomorskie 3 7 6 5 5 10 9 9 
PL62 Warmińsko-mazurskie 2 2 2 2 2 3 3 3 
PL63 Pomorskie 1 2 2 2 3 3 3 3 
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Portugal 
NUTS-Code: PT PORTUGAL Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 136.4 115.3 180.6 96.0 51.8 107.7 162.2 78.5 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 136.4 115.3 180.6 96.0 51.8 107.7 162.2 78.5 
Oil refineries 2.4 2.3 2.2 2.2 2.1 2.0 1.9 1.8 
Power plants 134.0 113.0 178.4 93.8 49.8 105.7 160.3 76.7 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 11.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.5 1.3 1.0 0.9 0.7 0.4 0.4 0.3 
Gas 113.3 102.3 166.1 84.9 41.1 96.9 149.2 65.7 
Biomass and waste  9.0 9.2 11.1 7.9 7.8 8.3 10.5 10.4 
Geothermal  0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 23.7 14.8 16.7 11.1 11.2 9.6 11.2 9.3 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 23.7 14.8 16.7 11.1 11.2 9.6 11.2 9.3 
Oil refineries 2.4 2.3 2.2 2.2 2.1 2.0 1.9 1.8 
Power plants 21.4 12.5 14.5 9.0 9.1 7.6 9.2 7.4 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.4 1.1 0.8 0.7 0.6 0.3 0.3 0.3 
Gas 6.4 5.8 7.0 3.4 3.7 2.2 2.5 0.8 
Biomass and waste  5.3 5.4 6.5 4.6 4.6 4.9 6.2 6.2 
Geothermal 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
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Water withdrawal and consumption in NUTS-2 regions in Portugal 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  136 115 181 96 52 108 162 79 
PT11 Norte 108.2 97.8 161.2 83.0 38.3 96.8 149.7 67.5 
PT15 Algarve 0.5 0.6 0.8 0.6 0.6 0.7 0.9 0.9 
PT16 Centro (PT) 21.8 9.9 11.3 6.4 7.2 4.8 5.5 4.3 
PT17 Área Metropolitana de Lisboa 0.6 0.7 0.9 0.7 0.7 0.7 1.0 0.9 
PT18 Alentejo 5.2 6.1 6.2 5.1 4.8 4.5 5.0 4.7 
PT20 Região Autónoma dos Açores 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
PT30 Região Autónoma da Madeira 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Water consumption  23.7 14.8 16.7 11.1 11.2 9.6 11.2 9.3 
PT11 Norte 2.0 1.9 2.7 1.6 1.2 1.8 2.5 1.8 
PT15 Algarve 0.3 0.4 0.5 0.4 0.4 0.4 0.5 0.5 
PT16 Centro (PT) 16.9 7.2 8.3 4.6 5.2 3.3 3.6 2.6 
PT17 Área Metropolitana de Lisboa 0.3 0.4 0.5 0.4 0.4 0.5 0.6 0.6 
PT18 Alentejo 4.0 4.6 4.6 4.0 3.7 3.4 3.6 3.5 
PT20 Região Autónoma dos Açores 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
PT30 Região Autónoma da Madeira 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Romania 
NUTS-Code: RO ROMANIA Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 3694 3725 5281 4675 4309 4242 4193 4484 
Energy production 1272 1289 980 547 326 289 241 520 
Solid fuels 1257 1275 965 537 315 276 223 501 
Oil 15 13 15 10 10 14 18 19 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 2422 2437 4301 4129 3983 3952 3952 3964 
Oil refineries 3 3 3 3 3 3 3 3 
Power plants 2419 2434 4298 4126 3980 3950 3949 3961 
Nuclear 1996 2001 3994 3963 3963 3931 3931 3931 
Solid 328 394 287 148 11 10 8 19 
Oil  83 25 9 9 0 0 0 0 
Gas 11 11 5 3 2 3 3 4 
Biomass and waste  2 3 3 3 4 6 6 7 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 113 115 104 73 57 60 62 78 
Energy production 46 45 38 23 17 20 23 29 
Solid fuels 31 32 23 13 6 6 5 10 
Oil 15 13 15 10 10 14 18 19 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 67 70 66 50 40 40 40 49 
Oil refineries 3 3 3 3 3 3 3 3 
Power plants 64 67 63 47 38 38 37 47 
Nuclear 12 12 24 24 24 24 24 24 
Solid 45 47 34 19 9 8 7 15 
Oil  1 0 0 0 0 0 0 0 
Gas 6 6 3 2 2 2 2 3 
Biomass and waste  1 2 2 2 3 3 4 4 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Romania 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  3694 3725 5281 4675 4309 4242 4193 4484 
RO11 Nord-Vest 6 7 4 2 3 4 4 4 
RO12 Centru 0 0 0 1 1 1 3 4 
RO21 Nord-Est 4 6 5 2 2 2 2 2 
RO22 Sud-Est 2085 2034 4009 3973 3967 3940 3943 3944 
RO31 Sud - Muntenia 44 103 80 10 7 7 6 7 
RO32 Bucureşti - Ilfov 4 4 2 0 0 0 0 0 
RO41 Sud-Vest Oltenia 1217 1227 939 526 327 287 232 521 
RO42 Vest 334 344 241 162 2 2 1 1 
Water consumption  113 115 104 73 57 60 62 78 
RO11 Nord-Vest 6 6 4 1 3 4 4 4 
RO12 Centru 0 0 0 1 1 1 3 3 
RO21 Nord-Est 3 5 5 2 2 2 1 1 
RO22 Sud-Est 18 19 29 26 29 32 36 36 
RO31 Sud - Muntenia 9 13 14 9 6 6 5 6 
RO32 Bucureşti - Ilfov 1 1 0 0 0 0 0 0 
RO41 Sud-Vest Oltenia 55 49 37 23 16 14 12 26 
RO42 Vest 21 21 15 11 1 1 1 1 
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Slovakia 
NUTS-Code: SK SLOVAKIA Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 213 219 212 195 185 205 162 227 
Energy production 139 119 105 61 50 65 47 106 
Solid fuels 138 119 105 61 50 65 47 106 
Oil 1 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 74 100 108 133 135 140 114 120 
Oil refineries 2 2 2 2 2 2 2 2 
Power plants 72 98 106 131 134 138 113 119 
Nuclear 61 85 92 122 128 133 102 102 
Solid 7 6 5 2 2 2 1 7 
Oil  0 0 4 4 0 0 0 0 
Gas 1 0 0 0 0 0 2 2 
Biomass and waste  3 7 5 3 3 3 8 8 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 62 75 75 86 89 93 75 86 
Energy production 15 12 10 6 5 6 5 10 
Solid fuels 13 12 10 6 5 6 5 10 
Oil 1 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 47 63 65 80 84 86 71 76 
Oil refineries 2 2 2 2 2 2 2 2 
Power plants 45 61 63 78 82 84 69 74 
Nuclear 37 52 56 75 78 81 62 62 
Solid 5 5 4 2 2 2 1 6 
Oil  0 0 0 0 0 0 0 0 
Gas 1 0 0 0 0 0 1 1 
Biomass and waste  2 4 3 2 2 2 5 5 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Slovakia 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  213 219 212 195 185 205 162 227 
SK01 Bratislavský kraj 2 3 6 6 2 2 2 2 
SK02 Západné Slovensko 207 212 203 187 181 201 152 217 
SK03 Stredné Slovensko 1 3 2 1 1 1 3 3 
SK04 Východné Slovensko 2 2 2 1 1 1 4 4 
Water consumption  62 75 75 86 89 93 75 86 
SK01 Bratislavský kraj 2 2 2 2 2 2 2 2 
SK02 Západné Slovensko 57 69 71 83 85 89 69 79 
SK03 Stredné Slovensko 1 2 1 1 1 1 2 2 
SK04 Východné Slovensko 1 1 1 0 1 1 3 3 
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Slovenia 
NUTS-Code: SI SLOVENIA Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 874 797 797 801 781 645 899 893 
Energy production 220 242 228 233 215 83 7 2 
Solid fuels 220 242 228 233 215 83 7 2 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 654 554 570 568 565 562 892 892 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 654 554 570 568 565 562 892 892 
Nuclear 513 533 549 549 549 549 887 887 
Solid 140 21 19 18 15 9 1 0 
Oil  0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Biomass and waste  0 1 2 1 1 4 4 4 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 37 42 40 40 37 23 18 17 
Energy production 21 24 22 23 21 8 1 0 
Solid fuels 21 24 22 23 21 8 1 0 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 15 18 18 18 16 15 17 17 
Oil refineries 0 0 0 0 0 0 0 0 
Power plants 15 18 18 18 16 15 17 17 
Nuclear 8 9 9 9 9 9 14 14 
Solid 7 9 9 8 7 4 0 0 
Oil  0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Biomass and waste  0 1 1 1 1 2 2 3 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Slovenia 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  874 797 797 801 781 645 899 893 
SI03 Vzhodna Slovenija 873 796 797 800 780 643 897 891 
SI04 Zahodna Slovenija 0 0 1 1 1 2 2 2 
Water consumption  37 42 40 40 37 23 18 17 
SI03 Vzhodna Slovenija 37 42 40 40 37 22 17 16 
SI04 Zahodna Slovenija 0 0 0 0 0 1 1 1 
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Spain 
NUTS-Code: ES SPAIN Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 4265 4285 3451 3145 3106 565 348 263 
Energy production 371 353 138 58 23 22 9 9 
Solid fuels 371 353 138 58 22 21 8 9 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 3894 3932 3313 3087 3083 543 339 255 
Oil refineries 12 12 12 12 12 12 11 11 
Power plants 3882 3920 3302 3075 3072 532 328 243 
Nuclear 2989 2989 2894 2884 2884 170 0 0 
Solid 790 822 294 85 24 20 2 3 
Oil  3 0 1 1 1 2 2 1 
Gas 85 90 90 79 131 305 283 202 
Biomass and waste  15 19 23 26 32 34 41 37 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 217 215 156 131 124 81 56 52 
Energy production 27 26 12 5 2 2 1 1 
Solid fuels 27 26 12 4 2 2 1 1 
Oil 0 0 0 0 0 0 0 0 
Gas 0 0 0 0 0 0 0 0 
Energy transformation 190 189 144 126 122 79 55 51 
Oil refineries 12 12 12 12 12 12 11 11 
Power plants 178 177 132 115 110 68 43 40 
Nuclear 85 85 77 75 75 32 0 0 
Solid 72 71 31 14 4 3 0 0 
Oil  3 0 1 1 1 2 2 1 
Gas 9 10 10 9 11 11 17 16 
Biomass and waste  9 11 13 16 19 20 25 22 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in Spain 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  4265 4285 3451 3145 3106 565 348 263 
ES11 Galicia 25 29 21 13 6 4 2 4 
ES12 Principado de Asturias 277 145 69 3 4 6 9 7 
ES13 Cantabria 0 1 1 1 1 1 1 1 
ES21 País Vasco 4 3 3 3 4 4 4 4 
ES22 Comunidad Foral de Navarra 3 3 4 4 3 4 4 3 
ES23 La Rioja 0 1 1 1 1 1 1 1 
ES24 Aragón 163 157 83 73 125 297 268 187 
ES30 Comunidad de Madrid 0 1 1 1 1 1 2 1 
ES41 Castilla y León 733 863 313 119 44 41 15 15 
ES42 Castilla-La Mancha 58 58 50 46 40 40 8 7 
ES43 Extremadura 2631 2631 2622 2612 2612 2 2 2 
ES51 Cataluña 293 292 207 211 211 144 7 6 
ES52 Comunidad Valenciana 39 39 39 39 39 3 4 3 
ES53 Illes Balears 0 1 1 1 1 1 1 1 
ES61 Andalucía 34 59 32 14 9 9 12 13 
ES62 Región de Murcia 3 3 3 3 4 4 4 4 
ES63 Ciudad Autónoma de Ceuta 0 0 1 1 1 1 1 1 
ES64 Ciudad Autónoma de Melilla 0 0 1 1 1 1 1 1 
ES70 Canarias 0 0 0 0 0 0 0 0 
Water consumption  217 215 156 131 124 81 56 52 
ES11 Galicia 20 23 17 10 5 3 1 3 
ES12 Principado de Asturias 23 15 8 2 3 4 7 5 
ES13 Cantabria 0 0 0 1 1 1 1 1 
ES21 País Vasco 3 3 3 3 3 3 3 3 
ES22 Comunidad Foral de Navarra 2 3 3 3 2 3 3 2 
ES23 La Rioja 0 0 0 1 1 1 1 1 
ES24 Aragón 15 10 4 4 5 4 4 3 
ES30 Comunidad de Madrid 0 0 0 1 1 1 1 1 
ES41 Castilla y León 46 53 21 10 5 5 4 3 
ES42 Castilla-La Mancha 29 30 29 27 25 26 6 5 
ES43 Extremadura 16 17 17 17 17 1 1 1 
ES51 Cataluña 30 29 22 22 23 17 5 5 
ES52 Comunidad Valenciana 24 24 24 24 24 3 3 3 
ES53 Illes Balears 0 0 0 1 1 1 1 1 
ES61 Andalucía 3 4 4 4 4 5 9 10 
ES62 Región de Murcia 3 3 3 3 3 3 3 3 
ES63 Ciudad Autónoma de Ceuta 0 0 0 0 1 1 1 1 
ES64 Ciudad Autónoma de Melilla 0 0 0 0 1 1 1 1 
ES70 Canarias 0 0 0 0 0 0 0 0 
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Sweden 
NUTS-Code: SE SWEDEN Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 51.4 59.0 54.0 67.6 71.4 70.4 80.3 81.9 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 51.4 59.0 54.0 67.6 71.4 70.4 80.3 81.9 
Oil refineries 2.1 2.0 1.9 1.9 1.9 1.8 1.8 1.8 
Power plants 49.3 57.0 52.1 65.7 69.5 68.6 78.4 80.0 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Biomass and waste  49.3 57.0 52.1 65.7 69.5 68.6 78.4 80.0 
Geothermal  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 32.9 37.5 34.4 42.8 45.1 44.5 50.7 51.7 
Energy production 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid fuels 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Energy transformation 32.9 37.5 34.4 42.8 45.1 44.5 50.7 51.7 
Oil refineries 2.1 2.0 1.9 1.9 1.9 1.8 1.8 1.8 
Power plants 30.8 35.5 32.5 40.9 43.3 42.7 48.8 49.8 
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Solid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oil  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Biomass and waste  30.8 35.5 32.5 40.9 43.3 42.7 48.8 49.8 
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Water withdrawal and consumption in NUTS-2 regions in Sweden 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  51.4 59.0 54.0 67.6 71.4 70.4 80.3 81.9 
SE11 Stockholm 2.6 3.1 2.9 3.8 4.1 4.1 4.8 4.9 
SE12 Östra Mellansverige 5.4 6.6 6.1 7.8 8.4 8.4 9.7 10.1 
SE21 Småland med öarna 5.3 6.7 6.4 8.4 9.0 9.1 10.4 10.7 
SE22 Sydsverige 3.5 4.4 4.2 5.5 5.8 5.8 6.6 6.6 
SE23 Västsverige 6.9 7.6 7.2 8.8 9.4 9.4 10.5 10.8 
SE31 Norra Mellansverige 8.8 10.3 9.2 11.3 12.0 11.9 13.9 14.5 
SE32 Mellersta Norrland 7.5 8.8 7.9 9.8 10.2 9.8 11.0 11.1 
SE33 Övre Norrland 11.4 11.4 10.0 12.2 12.5 11.9 13.3 13.2 
Water consumption  32.9 37.5 34.4 42.8 45.1 44.5 50.7 51.7 
SE11 Stockholm 1.6 1.9 1.8 2.4 2.6 2.6 3.0 3.1 
SE12 Östra Mellansverige 3.4 4.1 3.8 4.8 5.2 5.2 6.0 6.2 
SE21 Småland med öarna 3.3 4.1 3.9 5.2 5.6 5.6 6.4 6.6 
SE22 Sydsverige 2.1 2.7 2.6 3.3 3.6 3.6 4.0 4.1 
SE23 Västsverige 5.0 5.4 5.2 6.1 6.5 6.5 7.2 7.3 
SE31 Norra Mellansverige 5.5 6.5 5.8 7.1 7.5 7.5 8.7 9.1 
SE32 Mellersta Norrland 4.7 5.6 5.0 6.2 6.4 6.2 6.9 7.0 
SE33 Övre Norrland 7.2 7.2 6.3 7.6 7.8 7.5 8.3 8.3 
  
 177 
The United Kingdom 
NUTS-Code: UK THE UNITED KINGDOM Units: mil. m3 
Water withdrawal 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 817 368 367 272 304 301 266 249 
Energy production 296 124 111 2 3 4 4 2 
Solid fuels 289 121 108 0 0 0 0 0 
Oil 7 3 3 2 2 4 3 1 
Gas 0 0 0 1 1 1 1 0 
Energy transformation 521 244 256 270 301 297 262 247 
Oil refineries 6 5 5 5 5 5 4 4 
Power plants 515 238 251 265 297 292 258 243 
Nuclear 0 0 0 0 0 0 0 0 
Solid 140 36 16 8 8 8 8 8 
Oil  180 0 0 0 0 0 0 0 
Gas 108 33 37 37 63 70 88 64 
Biomass and waste  87 170 199 219 225 214 162 171 
Geothermal  0 0 0 0 0 0 0 0 
Water consumption 2015 2020 2025 2030 2035 2040 2045 2050 
Total energy system 209 161 164 167 189 190 172 158 
Energy production 19 6 6 2 3 4 4 2 
Solid fuels 12 2 2 0 0 0 0 0 
Oil 7 3 3 2 2 4 3 1 
Gas 0 0 0 1 1 1 1 0 
Energy transformation 189 155 159 165 187 186 168 157 
Oil refineries 6 5 5 5 5 5 4 4 
Power plants 183 150 154 160 182 181 164 152 
Nuclear 0 0 0 0 0 0 0 0 
Solid 112 29 13 7 7 6 6 6 
Oil  1 0 0 0 0 0 0 0 
Gas 21 25 28 27 45 51 63 46 
Biomass and waste  49 96 113 126 130 124 94 100 
Geothermal 0 0 0 0 0 0 0 0 
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Water withdrawal and consumption in NUTS-2 regions in The United Kingdom 
NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water withdrawal  817 368 367 272 304 301 266 249 
UKC1 Tees Valley and Durham 2 3 4 4 5 4 3 4 
UKC2 Northumberland and Tyne and Wear 144 78 70 5 5 5 4 4 
UKD1 Cumbria 2 5 5 6 6 6 4 5 
UKD3 Greater Manchester 1 3 3 4 4 4 3 3 
UKD4 Lancashire 2 3 4 5 5 5 4 4 
UKD6 Cheshire 5 14 15 14 14 15 14 13 
UKD7 Merseyside 1 3 3 4 4 4 3 3 
UKE1 East Yorkshire and Northern Lincolnshire 2 4 5 5 5 5 4 4 
UKE2 North Yorkshire 59 17 14 24 40 41 58 39 
UKE3 South Yorkshire 1 3 4 4 4 4 3 3 
UKE4 West Yorkshire 7 5 4 4 4 4 3 3 
UKF1 Derbyshire and Nottinghamshire 82 40 27 24 25 30 26 24 
UKF2 
Leicestershire, Rutland and 
Northamptonshire 2 4 5 6 6 6 4 5 
UKF3 Lincolnshire 3 5 6 7 7 6 5 5 
UKG1 
Herefordshire, Worcestershire and 
Warwickshire 2 5 5 6 6 6 4 4 
UKG2 Shropshire and Staffordshire 77 57 54 6 13 13 12 11 
UKG3 West Midlands 1 3 3 4 4 4 3 3 
UKH1 East Anglia 4 7 8 8 9 9 7 6 
UKH2 Bedfordshire and Hertfordshire 5 6 7 5 5 4 4 4 
UKH3 Essex 2 4 4 5 5 5 4 4 
UKI3 Inner London - West 1 3 3 4 4 4 3 3 
UKI4 Inner London - East 1 3 3 4 4 4 3 3 
UKI5 Outer London - East and North East 88 3 3 4 4 4 3 3 
UKI6 Outer London - South 1 3 3 4 4 4 3 3 
UKI7 Outer London - West and North West 1 3 3 4 4 4 3 3 
UKJ1 
Berkshire, Buckinghamshire and 
Oxfordshire 8 9 10 9 10 10 9 8 
UKJ2 Surrey, East and West Sussex 2 4 5 6 6 6 4 4 
UKJ3 Hampshire and Isle of Wight 2 4 5 5 5 5 4 4 
UKJ4 Kent 181 4 4 5 5 5 4 4 
UKK1 
Gloucestershire, Wiltshire and 
Bristol/Bath area 3 5 6 7 7 6 5 5 
UKK2 Dorset and Somerset 8 8 7 7 7 6 5 5 
UKK3 Cornwall and Isles of Scilly 2 4 5 5 5 5 4 4 
UKK4 Devon 3 5 6 6 6 6 5 5 
UKL1 West Wales and The Valleys 89 6 7 8 8 7 5 6 
UKL2 East Wales 2 5 5 6 6 6 4 5 
UKM2 Eastern Scotland 6 8 9 10 10 10 7 7 
UKM3 South Western Scotland 3 5 6 7 7 7 5 5 
UKM5 North Eastern Scotland 2 4 5 5 5 5 4 4 
UKM6 Highlands and Islands 6 10 11 12 12 12 9 9 
UKN0 Northern Ireland 4 7 8 9 9 9 7 7 
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NUTS Name 2015 2020 2025 2030 2035 2040 2045 2050 
Water consumption  209 161 164 167 189 190 172 158 
UKC1 Tees Valley and Durham 1 2 2 3 3 3 2 2 
UKC2 Northumberland and Tyne and Wear 4 4 4 3 3 3 2 3 
UKD1 Cumbria 1 3 3 3 3 3 2 3 
UKD3 Greater Manchester 1 2 2 2 2 2 2 2 
UKD4 Lancashire 1 2 2 3 3 3 2 2 
UKD6 Cheshire 5 10 11 10 11 11 10 10 
UKD7 Merseyside 1 2 2 2 2 2 2 2 
UKE1 East Yorkshire and Northern Lincolnshire 1 2 3 3 3 3 2 2 
UKE2 North Yorkshire 45 11 9 16 27 27 40 26 
UKE3 South Yorkshire 1 2 2 3 3 3 2 2 
UKE4 West Yorkshire 6 4 2 2 3 3 2 2 
UKF1 Derbyshire and Nottinghamshire 66 32 21 18 19 23 20 19 
UKF2 
Leicestershire, Rutland and 
Northamptonshire 1 2 3 3 3 3 2 3 
UKF3 Lincolnshire 2 3 3 4 4 3 3 3 
UKG1 
Herefordshire, Worcestershire and 
Warwickshire 1 2 3 3 3 3 2 3 
UKG2 Shropshire and Staffordshire 12 7 9 3 8 8 8 7 
UKG3 West Midlands 1 2 2 2 2 2 2 2 
UKH1 East Anglia 2 4 5 5 5 6 4 4 
UKH2 Bedfordshire and Hertfordshire 3 4 5 3 3 3 2 2 
UKH3 Essex 1 2 3 3 3 3 2 2 
UKI3 Inner London - West 1 2 2 2 2 2 2 2 
UKI4 Inner London - East 1 2 2 2 2 2 2 2 
UKI5 Outer London - East and North East 4 2 2 2 2 2 2 2 
UKI6 Outer London - South 1 2 2 2 2 2 2 2 
UKI7 Outer London - West and North West 1 2 2 2 2 2 2 2 
UKJ1 
Berkshire, Buckinghamshire and 
Oxfordshire 6 6 7 6 7 7 6 6 
UKJ2 Surrey, East and West Sussex 2 3 4 4 4 4 3 3 
UKJ3 Hampshire and Isle of Wight 1 2 3 3 3 3 2 2 
UKJ4 Kent 2 2 3 3 3 3 2 2 
UKK1 
Gloucestershire, Wiltshire and 
Bristol/Bath area 1 3 3 4 4 3 3 3 
UKK2 Dorset and Somerset 7 5 4 4 4 4 3 3 
UKK3 Cornwall and Isles of Scilly 1 2 3 3 3 3 2 2 
UKK4 Devon 1 3 3 3 3 3 2 3 
UKL1 West Wales and The Valleys 10 3 4 4 4 4 3 3 
UKL2 East Wales 1 3 3 3 4 3 3 3 
UKM2 Eastern Scotland 4 5 6 6 6 6 5 5 
UKM3 South Western Scotland 2 3 4 4 4 4 3 3 
UKM5 North Eastern Scotland 1 2 3 3 3 3 2 2 
UKM6 Highlands and Islands 3 5 6 7 7 6 5 5 
UKN0 Northern Ireland 2 3 4 4 4 4 4 4 
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GETTING IN TOUCH WITH THE EU 
In person 
All over the European Union there are hundreds of Europe Direct information centres. You can find the 
address of the centre nearest you at: https://europa.eu/european-union/contact_en 
On the phone or by email 
Europe Direct is a service that answers your questions about the European Union. You can contact this 
service: 
- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 
- at the following standard number: +32 22999696, or 
- by electronic mail via: https://europa.eu/european-union/contact_en 
FINDING INFORMATION ABOUT THE EU 
Online 
Information about the European Union in all the official languages of the EU is available on the Europa 
website at: https://europa.eu/european-union/index_en 
EU publications 
You can download or order free and priced EU publications from EU Bookshop at: 
https://publications.europa.eu/en/publications. Multiple copies of free publications may be obtained by 
contacting Europe Direct or your local information centre (see https://europa.eu/european-
union/contact_en). 
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